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ADVERTISEMENT. 


^ JL ' HE Authors of Original Pap#s in the present Volume, 
are John Dalton, Esq.; Mr. J. Andrew ; Sit A. N.'Edel- 
crantz; Samuel Day, Esq.; The Right Honourable the 
Marquis of Exeter ; W. N. ; Mr. Robert Harrup ; J. B. ^ 
The Rev. Wra. Gregor; Mr. Benjamin Hooke; Mr. John 
Gough ; and Mr. Frederick Accum. Of foreign Works, 
M.Prou.d ; Joses ; Vauquelin ; Trousset; Lagrave ; Darcet; 
Van-Marum ; Vassali Eandi ; Carbonell ; Parmentier ;Cadett; 
Boullay ; Ritter and Curaudau. And of English Memoirs 
abridged or extracted, B. H. Latrobe, F. A. P. S. ; Mr. 
Robert Dossie ; Thomas Eccleston, Esq. ; Mr. John Webb ; 
Mr. Richard Knight ; The Right. Hon. Sir J.' Banks, Bart. 
P. R. S. ; William Herschell, L. L. D. F. R. S. ; Richard 
Kirwan, L. L. D. F. R. S. ; Richard Chenevix, Esq.F. R.S.; 
John Templeton, A. L. S. ; Benjamin Smith Barton, M. D ; 
Philip Crampton, M. D. ; H. Davy, Esq.; Mr. William 
Henry ; M. Komarewski ; and Charles Hatchett, Esq. 

Of the Engravings the Subjects are, 1. An improved 
Gun-Lock, by Mr. John Webb‘. 2. An Apparatus for spliting 
Logs of Wood, by Mr. R. Knight. 3. Mr. Eccleston ’s. Peat- 
borer. +. The Ornifcus Praegustator, as it resides in the 
Mouth of the Bay Alewife. 5. Outline Drawing of the 
Clupea Tyrannus or Bay Alew.ife. 6. Figure to illustrate a 
new Method of computing the Longitude, by Mr. Andrew. 
7. Two Plates of Figures illustrative of Dr. Herschell’s Memoir 
on the Structure of the Heavens. 8. Sir. A. N. Edelcrantz's 
new Statical Lamp. 9. An Ancient Magazine Gun for 
quick firing. 10. An Ancient Lock of thirteen hundred 
Combinations. 1 1 . An Apparatus for Distillation, by Sir 

A. N. 



ADVERTISEMENT. 

A.N. Edelcrantz. 1 2. A Galvanic Apparatus by Mr. Davy^ 
13. Aa EleQrical Battery «f Talc. 14. A Compound Arti- 
ficial Magnet of four Poles. 15. The Swedish Telegraph, 
Invented by Sir A. N. Edelcrantz. 16. An Apparatus for 
determining the comparative Wear of Gold, by the Hon. H. 
Cavendish, Esq. 17. Mr. Henry’s Apparatus for measuring 
the Absorption of Gafes. 18, A Subterraneous Graphome- 
ter, by M. Komarzewski. 
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ARTICLE I. 

A Drawing and Defcription of the Clupca Tyr annus and Onifcus 
Prccguftator . By Benjamin Henry Latrobe, F.A.P.S.* 

To Thomas P. Smith, one of the Secretaries of the American 
Philofophical Society. 

SIR, 

1 BEG leave, through your means, to communicate to the Introdudory ri* 
American Philofophical Society, an account of an infelt, whofe mslriM - 
mode of habitation, at leaft during fome part of his life, has 
appeared to me one of the moft fingular, not to fay whimfical* 
that can be conceived. 

In the month of March 1797, illnefs confined me forfeveral 
days, at the houfe of a friend on York river in Virginia, du- 
ring his abfence. My inability to move further than to the 
fliore of the river, gave me leifure to examine carefully, and 
in more than an hundred inftances, the fait I am going to 
mention. 

Among the fifh that at this early feafon of the year refort to Defcription of 
the waters of York river, the alewife or oldwife, called the ** itwtfa 

* From the Tranfa&ioni of the American Phil. Society, V. 77. 

Vql. V,— May. B 
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% DESCRIPTION OF THE CLUFEA tYRANNUS. 

bqy-aleuife, (clupea nondefcripta) arrives in very confiderabl* 
*flidals, and in lome feafons their number is altooft incredible 
' They are fully of the fize of a large herring, and are princi* 
pally diftinguiflied from the hearing, by a hay or red fpot above 
the gill-fin. (fee the drawing ) They are, when caught from 
March to May, full-roed and fat, and afe at leaft as good a 
fifli for the table as the herring. 

In this feafon, each of thefe alewives carries in her mouth an 
infcd, about two inches long, hanging with its back down- 
wards, and firmly holding itfelf by its fourteen legs to the p&* 
late. The fifliermcn call this infeft the loufe. It is with diffi- 
culty that it can be fcparated, and perhaps never without in- 
thought to beef- jury to the jaws of the fifli. The fifliermen therefore confider 
and^otfepara^ fc * ie as eflential to the life of the fifli ; for when it is taken 
table without out, and the fifli is thrown again into the water, he is inca- 
pable of fwimming, and foon dies. I endeavoured in nume- 
rous inftances to preferve both the infe6t and the fifli from in- 
jury, but was always obliged either to deftroy the one, or to 
injure the other. I have fometimes fucceeded in taking out 
the infect in a brifk anq( lively ftate. As foon as he was fet 
free from my grafp, he immediately fcrambled nimbly back 
into the month of the fifli, and refumed his pofition. In every 
infiance he was difguftingly corpulent, and unpleafant to han- 
dle ; and it feemed, that whether he have obtained his poll 
by force, or by favor, whether he be a mere traveller, or a 
conftant refident, or what elfe may be his bufinefs where he 
is found ; he certainly has a fat place of it, and fares fump- 
tuoufly every day. 

The drawings annexed to this account were made from the 
live infe6t, and from the fifli out of whofe mouth he was taken. 
I had no books to refer to, then ; but examining the Syftemu 
Natural of Linnzeus, I was furprized to find fo exaft a deferip- 
tion of the infe£t as follows (fee Salvii editio, Holmia 1763. 
p. 1060. alfo Trattner's Vienna edition, fame page). 

■*' Injift, apt, Oniscus, Pedes XIV. 

Antenna fetacea 
Corpus ovale . 

. O. Phy fades, abdomine JUbtus nudo, cauda ovata. 

Habitat in pelago ; corpus prater caput, et caudam ultimam^ 
ex feptem fegmentis trunci, et quinque cauda . Antenna utrinque 
duo, brevet, Cauda folium terminate omnino ovatum ; ad latera 

* utrinque 
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DESCRIPTION OP THE CLVPEA. TYRANNWS. $ 

utrinquc fubtws outturn duobus petiolis diphyllis , foliolis lanceobr 
iis, obtufis , cauda brcvioribus. Cauda articuli Jubtus obtetti nu+ 
merofis veficulus longitudine cauda” 

From the particularity with which the onifcus phyfodes is 
defcribed by Linnaeus, it is evident that he had the infedt be- 
fore him, or a defcription by an attentive obferver. It appears 
alfo from the “ Habitat in pdago” that the O. Phyfodes, if But differing in 
this be the infedl, is found detached from his conductor. 

There are a few points in which the O. Phyfodes differs ixovotbe ocean. 
my infedt. I did not obferve the antennae, perhaps for want 
of fufficient attention, or of a microfcope. The petioli of the 
tail were not, to appearance, two-leaved, and I am certain 
that the fegments of the tail, and the tail itlelf, were without 
the vejiculi longitudine cauda . 

There are many circum fiances, to afcertain which is eflen- Whether the 
tial to the natural hiftory of this infedt. The fifh whofe mouth b . c 
he inhabits comes, about the fame time with the chad, into mouth of th« 
the rivers of Virginia from the ocean, and continues to travel 
upwards from the beginning of March, to the middle of May ; 
as long as they are caught upon their paifage up the river, 
they are found fat and full of roe. Every fith which I law had 
the onifcus in his mouth ; and I was affured, not only by the 
more ignorant fiflierinen, but by a very intelligent man who 
came down now and then to divert himfelf with filhing, that, 
in 40 ye&rs observation, he had never fecn a bay alewife with- 
out the loufe. The chad begin to return from the frefli water 
lean and Jhotten, about the end of May and beginning of June, 
and continue defeending during the remaining fummer months. 

No one attempts then to catch them, for they are unfit for the 
table. Whether the bay alewife returns with the chad, I 
could not learn, but it is certain that after June it is not thought 
worth the trouble to catch them. ^No one could tell m epojt- 
tively whether the onifcus dill continues with them, but it was 
the opinion of my informant, that, like every other parafite, 
he deferts his protestor in his reduced date, for he could pot 
recollett that lie had ever feen him in the mouth of thofe acei- 
dentally caught in the feine in July or Augud. 

I confider, therefore, the natural hi dory of the onifcus, or be the fame 
which I now communicate, as very imperfect ; and it were on,fcul 
to be wilhed that fome lover of natural fcience would follow 
up the enquiry, by endeavouring to afcertain whether he con- 

B 2 tinue 
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tinue with, or quit the fifli before his return to the ocean, and 
alfo whether he be the onifcus phyfodes of Linnaeus, qui 
habitat in pclago. 

Should he be an infeft hitherto undefcribcd, I think he 
might be very aptly named onifcus praguftator. 

The bay alewife is not accurately defcribed in any ichthyo- 
logical work which I have feen ; nor can I from my drawings, 
which were made with a very weak hand, venture a deferip- 
tion. From his having a regular praeguftator, I would fuggeft 
that he ought to be named clupea tyr annus. 

The onifcus refembles the minion of a tyrant in other rc- 
fpeds, for he is not without thofe who fuck him. Many of 
thofe which I caught had two or three leaches on their bodies, 
adhering fo clofely, that their removal coft them their heads, 
Moft of the marine onifei appear to be troublefome to fome 
one or other fifh. The onifcus ceti is well known as the 
plague of whales, and many of the reft are mentioned in 
Linnaeus and Gmelin, as peftes pifeium. 

BENJ. HENRY LATROBE, F. A. P. S. 


Qu. If men- P. S. A gentleman well (killed in entomology informs me 
tioned in Block’s ^] ia t h e believes, that in Block’s Hiftory of Fillies, a work not 
to be had in Philadelphia, this onifcus is mentioned. But, 
from a late examination of Gmelin and Fabricius, I am con- 
vinced that the onifcus praeguftator is a fpecies not hitherto 
accurately defcribed — Gmelin had probably feen the Linnaean 
infeft, having changed the antenna utrinque duo, to antennis 
quaternis , and left out moft of the long defeription given by 
Linnaeus. Neither he, Linnaeus, nor Fabricius, mention the 
circuinftance of habitation in the mouth of the fiih, and the 
induftrious and copious Fabricius, who having changed the 
names of the genera, calls him cymothoa phyfodes, copies 
the defeription of Gmelin, excepting the mention of the four 
antennae, which in his arrangement form a character of the 
genus. 
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The Principles on which the Purification of Fijh-oil may be perm 
formed , and of the Ufes to which it is applicable. By Robert 
Dossie *. 

That the fetid fmell of fifli-oil is chiefly owing to^putre-Fator of fHh» 

faction, it is unneceflary to fhow ; but though this be the 011 18 . 

principal caule, there is another hkewife, which is, ultion empyrcuma. 

or burning the oil, occafioned by the ftrong heat employed 

for the extrafling it from the blubber of the larger fifli, and 

which produces a ftrong empyreumatic fcent that is not 

always to be equally removed by the fame means as the putrid 

fmell, but remains fometimcs very prevalent after that is taken 

away. 

In order to the perfefl cdulcoration of oils, there are con- The fine 
feciuently two kinds of fcetor or flink to be removed, viz. remed,c ? d ° not 
the putrid, and the empyreumatic; and the lame means do 
not always equally avail againft both. 

The putrid fmell of fifli-oil is of two kinds; the rancid. The oil irfelf 
which is peculiar to oils ; and the common putrid fmell, which ^^(T^or^t 
is the general eflfefl of the putrefaftion of animal fluids, or of may putrefy as 
the vafcular folids, when commixed with aqueous fluids. other matt^ 
Fifli-oil has not only rancidity, or the firfl: kind of putrid Fifli -oil has both 
fmells peculiar to oils, but alfo the fecond or general kinds ; thefe putrid 
as the oil, for the mofl part, is commixed with the gelatinous tains gelatine^" 
humour common to all animals, and fome kinds with a pro- and bile, 
portion of the bile likewife ; and thofe humours putrefying 
combine their putrid fcent with the rancidity of the oil, and, 
in cafes where great heat has been ufed, with that and thq 
empyreuma alfo. 

The reafon of the prefence of the gelatinous fluid in fifli. The gelatine Is 
oil is this: that the blubber, which confifls partly of adipofeJl^^“^^jJ* 
veficles, and partly of the membrana cellulofa, which con-&c. 
tains the gelatinous fluid, is, for the mofl part, kept a con- 
fiderable time before the oil is feparated from it, either from 
the want of convenient opportunities to extraft the oil, or in 
order to the obtaining a larger proportion ; as the putrid 

* Communicated to the Society for the encouragement of Arts 
|ong ago, but now publilhed by them in the original form. 

efFervefcenpq 
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effervefeence which then comes on, rupturing the veficles, 
makes the blubber yield a greater quantity of oil than could 
be extra&ed before fuch change was produced ; and thf 
veficics of the tela cellulofa, containing the gelatinous matter, 
being alfo burft from the fame caufe, fuch matter being then 
rendered faponaceous by the putrefaction, a part of it mixes 
intimately with the oil, and conftitutes it a compound of the 
proper oleaginous parts and this heterogeneous fluid. 

The prefence of the bile in fith-oil is occafioped by its 
being, in many cafes, extracted from the liver of the fifli ; 
which is not to be fo profitably done by other means as by 
putrefaction ; and the bile being confequently difeharged, 
together with the oil from the veflels of the liver containing 
them, combines with it, both from the original fappnaceous 
property of bile, and from that which it acquires by putre- 
faction. 

This holds good particularly of the cod-oil, or common 
train, brought from Newfoundland ; which, from its high 
yellow colour, vifeid confidence, and repugnance to burn- 
ing well in lamps, man i feds fenfibly the prefence of bile and 
tfie gelatinous fluid ; which latter, by the faponaceous power 
of the bile, is commixed in a greater proportion in this than 
in any other kind of fith-oil* 

A tendency to putrefy, or at mod but in an extremely flow 
manner, is not an abfolute property of perfeCt oils in a Ample 
or pure date ; but it is a relative property dependant upon 
fheir accidental contract or commixture with the aqueous 
fluid* This is evident from the cafe of oils concreted into a 
febaceous form ; which being perfectly oleaginous and un- 
combined with any water, except fuch as enters into their 
component parts will not putrefy unlefs water, or fomething 
containing it, is brought* in contaCl with them. But the 
fluid animal, and mod vegetable oils, being compounded 
of perfeCt oils with other mixed fubdances, either fub- 
oleaginous or gelatinous, have always a putrefcence per fe, 
or tendency to putrefy, without further admixture of aqueous 
moidure. This commixture of heterogeneous matter in fifhr 
oil, particularly of the gelatinous fluid and bile, gives rife to 
a further principle of purification than Jimpfe edulcoration , or 
the removing the feetor; for the prefence of fuch humours in the 
oil renders it fubjeCt to a fecond putrefcence per fe, fuppofliig 
; the 
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the firfl: correded ; makes it unfit for the purpofe of the woollen 
manufacture, as the heat through which this is in fome cafes 
employed, caufes this matter to contract a mod difagreeable 
empyreuma. It alfo prevents its burning in lamps, as well 
from its vifcidity as from the repugnance which the prefence 
of water gives to all oleaginous matter, It is therefore necef«> 
fary to free the oil from this heterogeneous matter ; after 
which it can be fubjeCt only to the rancid putrefcence, or 
that which is proper to oils as fuch. 

The fubdances which have been or may be applied to the Enumeration of 
removing or preventing the efledts of putrefcence, are, acids, purlfy-^g 
alkalies, metallic calces, neutral falts, ethereal and efiential Acids, alkalies, 
oils, vinous fpirits, water, and air, With refpedt to acids, 
though they may be applied with effeft to the removal or alcohol, water) 
prevention of putrefaction in mixed animal and vegetable 
fubdances, yet they have not the fame efficacy when emr eligible, 
ployed in the cafe of oils ; for in a fmall proportion, without 
the fubfequent aid of alkalies, they rather increafe than 
diminifh the feetor, and in a large proportion they coagulate 
the oils, and change their other properties as well as their con- 
fidence. Though they might therefore be employed with 
the affidance of alkalies, yet requiring a more expenfive and 
complex procefs, and not being moreover neceffary, as the 
fame end may be obtained by the ufe of alkalies only, they 
may be deemed improper for the purification of animal oils 
for commercial purpofes, Alkaline fubdances, both falts but alkalies arc 
and earths, are the mod powerful indruments in the edul- beft * 
coration of oils ; but as their action on putrid oils, and the 
method of applying them to this end, are not the fame in 
both, it is proper to confider them diftinftly. 

Of alkaline falts it is the fixed kind only which are proper Fixed alkaline 
to be ufed for the edulcoration of oils. Fixed alkaline falts, ™ b f n £ e9 in ~. 
in a difiblvcd date, being commixed with putrefying animal * putr ^ 
fubdances, appear to combine wjth putrid matter, and mixing 
with fome of the principles, form indantly volatile alkaline 
falts. On the lefs putrid they feem to adt, after their com- 
bination, by an acceleration of the putrefeent adtion, till 
they attain the degree which produces volatile falts. This is 
evident by the fenfible putrid ferment and fmell which appear 
sifter their commixture ; but which gradually abating, the oil 
h rendered fwceter, much lighter-coloured and thinner. , 

Thei* ; 



PURIFICATION OP FISH-OIL. 


8 

«nd are very Their great u fe in the edulcoration of fi(h-oil arifes, there* 
ing^thc ™i l 5 Fl ^ " ^ re > f fom ^ e * r converting fuch parts of the gelatinous fluid 
9 and bile as are highly putrefied, inftantly into volatile falts, 
and caufing a rapid putrefaction of the other parts ; by which 
but they do not means the oil, is freed from them by their diffipation. They 
do not, however, equally a6t on the parts of the oil on which 
the empyreumatic fcent depends, unlefs by the afliftance of 
heat; for when they are commixed with the oils without heat, 
in proportion as the putrid fmell diminifhes, that becomes 
more fenfibly prevalent. The ultimate aCiion of lixiviate 
falts on animal oils, except with refpect to the empyreuma, 
feems to be the fame either with or without the medium of 
heat ; for the fame urinous and putrid fmell, gradual diminu- 
tion of the colour, and fetid fcent, happens in one cafe as in 
the other, except with regard to the acceleration of the 
changes ; and fuch falts, where the purification is required 
to be made in a great degree, are a necelTary means, as they 
a/e more effectual than any other fubftance that can be em- 
ployed. 

The ufe of lixiviate falts alone is not, however, the moil 
expedient method that can be purfued for the edulcoration 
of oils, for feveral reafons. If they be ufed alone, cold, in 
the requifite proportions, they coagulate a confiderable part 
of the oil, which will not again feparate from them under a 
very great length of time ; and when they have deftroyed 
the putrid fcent, a ftrong bitter empyreumatic fmell remains. 
The fame inconvenience, with relation to the coagulation of 
part of the oil, refults when they are ufed alone with heat, 
but this is cor- The fuper-addition of common fait, (which refoIve9 the 
»wfalZ t0m " coa 8 u ^ um anc * counteracts the faponaceous power of the 
lixiviate fait, by which the oil and water are made to combine) 
is therefore neceflary ; and the expence arifing from the larger 
proportion of lixiviate fait, requires it to be employed if no 
Alkaline earths, other alkali be taken in aid, and renders the junction of alkaline 
earths with it extremely proper in the edulcoration of oils 
Lime U good hut for commercial ufes. Lime has alfo an edulcorative power 
it coagulates. on an j ma ] 0 j| s . it h as a ]f 0 f 0 ft ron g a coagulative action, 
that the addition of a large proportion of alkaline falts be- 
comes, when it is ufed, neceflary to reduce the concreted 
oil to a fluid (late ; and therefore this fubftance alone is not 
,u do alfo foap proper for that purpofe. The combination of lixiviate fait 
^ with 


remove empy- 
reuma. 


The alkaline 
carbonaces 
render part of 
the oil (olid ; 
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with lime, or the folution commonly called foap-lye, has an 
effeftual edulcorative action on fetid oils ; but it makes a trou- 
blcfome coagulation of part of the oil, if no common fait be ' 
employed, and muft be ufed in fuch large proportion, if no 
alkaline earth be added, as renders the method too expenfive. 

Lime has a power of combining with and abforbing the Lime alone is 
putrid parts of the gelatinous fluid and bile, when commixed impropcr » 
with oil ; and effects, either with or without heat, a confider- 
able edulcoration of fetid oils ; but it combines fo ftrongly 
with them, either cold or hot, that the feparation is difficult to 
be effected, even with the addition of brine; and the oil, 
when a large proportion of it is ufed, can fcarcely be at all 
brought from its concreted to a fluid date, but by an equiva- 
lent large proportion of lixiviate fait : the ufe of lime therefore, 
alone, is improper, or even in a great proportion with other 
ingredients. But when only a lefler degree of edulcoration is unlefs in fmall 
required, a moderate quantity, conjoined with an equal or ^h°ch ( alk anA 
greater weight of chalk, which afliffs its feparation from the 
oil, may, on account of its great cheapnefs, be employed very 
advantageoufly : it will in this cafe admit of precipitation from and brine, 
the oil by the addition of brine. It may be alfo expediently 
ufed, when lixiviate fait is employed with heat for the moft 
perfect purification of oils ; for it will in that cafe give room 
for the diminiftiing of the quantity of lixiviate fait, though the 
proportion be neverthelefs fo reftrained as not to exceed what 
the proportion of lixiviate fait (juft requifite for the edulcora- 
tion) can feparate from the oil. 

Chalk has an abforbing power fimilar to lime, but in a lefs Chalk lefseffec- 
degree on the putrid fubltance of oil; it does not, however, » k ut ™ a y 
combine fo ftrongly with the oil as to refift feparation in the ot h er matters, 
fame manner, and is therefore very proper to be conjoined 
either with lixiviate falts or lime, as it renders a lefs quantity 
of either fufficient, and indeed contributes to the feparation 
of the oil from them. 

Magncfia alba or the alkaline earth which is the bafis of the Magnet 
fal catharticus, and the Angular earth which is the bafis of aIuminc 
alum, both have an edulcorating power on fetid oils ; but, 
like lime, have too ftrong an attra&ion with them to be fepa- 
rated fo as to admit of the reduction of the oil from the con- 
creted ftate to which they reduce it ; and therefore, as they 
are not fuperior in efficacy to lime and chalk, but much dearer 

3 or 
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or more difficult to be obtained, they may be rejeftcd from 
. the number of ingredients that are proper for the purifying of 
oils, with a view to commercial advantages. 

Sea-falt ufeful Sea-falt has an antifeptic power on the mixed folid parts of 
in mixtures but an | ma | s . hut u f ec j a l 0 ne, or diflolved in water, it does not 
appear to leflfen the putrid fetor of oils, but on the contrary 
rather increafes it. If, after their commixture with it, they 
are fubje&ed to heat, it rather depraves than improves the 
oils; but though by its own immediate action on them it 
conduces fo little to the edulcoration of oils, yet it is a me- 
dium for the reparation of water and the alkaline fubflances 
requilitc to be employed to that end. It is of great utility in 
the edulcorative procefles : for when alkaline falts or earths 
combine with the water neceflary to their a6tion on the oils, 
or themfelves form coagulqms or corrections with it, a folu- 
tion of fait will loofen the bond and diflolve the clofe union ; 
fo that the oil being feparated will float on the aqueous fluid, 
while the earth, if any be in the mixture, will be prccipi-» 
tated and link clofe together to the bottom of the containing 
veflel. 

Muriate of Sal catharticus, glauber fait, nitrum vitriolatum, tartar, and 
^ °^ ier neutra l klhs, though they counteract putrefaction in the 
potato, &c. of mixed or folid parts of animals, feem to have little efleCt oj> 
little value. oils w j t | 1 re fpeCt to their edulcoration, and cannot therefore 
be ranked among!! the fubftances proper to be ufed for that 
purpofe. 

Oxide of lead is Lead reduced to the flate of a calx, either in the form of 
very powciful, ni ; n j um or litharge, has a llrong edulcorative power on fetid 
oils, and is indeed applied to that end, with refpeCt to one 
kind of vegetable oil, for a very bad purpofe, confidering its 
malignant qualities on the human body. 

In the cafe of train-oil, which will fcarcely ever be con- 
fldered among the efculent kinds in this country, the fame 
objection again!! its ufc would not lie ; and employed either 
with or without heat, it is a powerful abforbent both of the 
putrid and empyreumatic parts that occaflon the fetor, 
but was reje&ed As however there may be fomc prejudice againll its ufe, 
from prejudice. €ven | n anv W ay, and as it is not abfolutely neceflary, I have 
not given it a place among the ingredients of the procefles I 
recommend. 

The 
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The ochrous earth of iron, commonly called red ochre, has Red-pchre nwy 
an abiorbing power on the putrid parts of oil, but combines Cur “ c m ***** 
fo ftropgly, that the reparation is tedious even with the addi- 
tion of brine ; if, neverthelefs, it is added when chalk and 
lime baye been fome time commixed with the oil, as in pro- 
cefs the firft, it will promote the edulcorative intention, and 
will fubfide along with them ; and, as it has fome advantage 
without increafing the ex pence, unlefs in the moft incon- 
siderable degree, its ufe may be expediently admitted in that 
procefs. 

Eflential and ethereal oils are applicable to the prevention Volatile oils in- 
of putrefaction in the mixed and folid parts of vegetables, ^ nt 
but are not fo to the edulcoration of fetid oils; and if they had 
the defired etfeCt, they would not, on account of their price, 
anfwer the commercial end, unlefs the due effect was pro- 
duced by adding them to the oils in a very fmall quantity. 

The lame holds good of fpirits of wine as of elfential and So likewife arc 
ethereal oils, both with refpe6i to their efficacy and the ex- a,c ° l101 and ether, 
pence. 

Water has an edulcorative a&ion on fetid oils, by carrying Water by agita- 
pff the moft putrid parts of the gelatinous fluid or bile, * n ^ n, ^™ h ve * 
which, as was above explained, the principal feetor refides, fan putre f y 
if the quantity added be large, and an intimate commixture a 8 ain * 
be made of them by ftirring them together for a confider- 
able time : this only partially removing thofe heterogeneous 
putrefeent fubflances, the remaining part foon acquires the 
fame date and the oil again grows fetid, though not to the 
fame degree as before. 

Water is, however, a neceffary medium for the a&ion of It is neceflkry 
falls and (he reparation of alkaline earths and calces of metals, p” 0 t ^pgj rnpoun ^ 
when they are employed for the edulcoration of oils, as will 
appear from a confideration of my f>rocefles. 

Air edulcorates oil by carrying off the mod putrid parts, Air is ftill !ef#- 
which are neceflarily extremely volatile. It may be made to cftc ^ ua ^ 
a& on them cither by fimple expofure of them to it with a 
large extent of furface, or by forcing it through them by means 
of ventilators as has been praltifed by fome dealers ; but is 
how, I believe, neglected on account of their finding the im- 
provement of oils by it not adequate to the trouble, as the 
gelatinous matter and bile, not reduced to a certain degree of 
putrefadlion, being left behind, putrefy again to nearly the 
fame degree as before. 


It 
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PURIFICATION OP FISH-OIL. 

It appears from thefe feveral obfervations, that the cheapeft 
•ingredients which can be ufed for the edulcoration of train- 
oils, are lime and chalky which may, with the addition of a 
proper quantity of folution of fea-falt or brine, be made to 
procure a reparation of them from the oils, according to pro* 
cefs the firft, fo as to anfwer for fome purpofes; that the 
lixiviate fait is the mod powerful purifier of oils, and, with 
the abidance of chalk and brine, will, without heat, accord- 
ing to procefs the fecond, effedt a very confiderable degree of 
edulcoration ; and that lixiviate fait ufed with heat, with the 
addition of lime and chalk, to fave a part of the quantity 
which would otherwife be neceflary, and of brine to procure 
a quick feparation, will perform an edulcoration fufiicient for 
all commercial purpofes, according to procefs the third 5 but 
that calcined lead and the ochrous earth of iron may, perhaps, 
be applied in fome cafes with advantage, where the oil is not 
dedgned for efculent ufe. 

PROCESS THE FIRST. 

’ For purifying Fijh-oil in a moderate Degree, and at a very little 
£xpe?ice . 

TAKE an ounce of chalk in powder, and half an ounce of 
lime flacked by expofure to the air ; put them into a gallon of 
ftinking oil, and, having mixed them well together by ftirring, 
add half a pint of water, and mix that alfo with them by the 
fame means. When they have flood an hour or two, repeat 
the ftirring, and continue the fame treatment at convenient 
intervals for two or three d.ays ; after which, fuperadd a pint 
and a half of water, in which an ounce of fait is diflolved, • 
and mix them as the other ingredients, repeating the ftirring, 
as before, for a day or two. Let the whole then ftand at reft, 
and the water will fink below the oil, and the chalk fubfide 
in it to the bottom of the veflel. The oil will become clear, 
be of a lighter colour, and have coniiderably lefs fmell, but 
will not be purified in a manner equal to what is effected by 
the other procefles below given ; though, as this is done with 
the expence of only one ounce of fait, it may be pradlifed 
advantageouily for many purpofes, efpecially as a prepars^ion 
for the next method, the operation of which will be thereby 
facilitated. 


PROCESS 
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PROCESS THE SECOND. 

To purify, to a great Degree , Fijh-oil without Heat . 

TAKE a gallon of crude (linking oil, or rather fuch as has Procefs *. 
been prepared as above mentioned, and add to it an ounce 0 f G *f atcr 
powdered chalk ; ftir them well together feveral times, as inheat. Agitate 
the preceding procefs; and after they have been mixed fome^hh^halk* 
hours or a whole day, add an ounce of pearl-afhes, diffolvedp ear i. a fl lcs . 
in four ounces of water, and repeat the ftirring as before, felt water : 
After they have been fo treated for fome hours, put in a pint[^^ # dccan " 
of water, in which two ounces of fait are diflolved, and pro- 
ceed as before : the oil and brine will feparate on (landing 
fome days, and the oil will be greatly improved both in fmell 
and colour. Where a greater purity is required, the quantity 
of pearl-aflies muft be increased, and the time before the ad- 
dition of the fait and water prolonged. 

If the fame operation is repeated feveral times, diminithing Repetition of 
each time the quantity of ingredients one half, the oil may be the P roccfs * 
brought to a very light colour, and rendered equally fweet in 
fmell with the common fpermaceti oil. 

By this procefs the cod-oil may be made to burn; and, 
when it is fo putrid as not to be fit for any ufe, either alone or 
mixed, it may be fo corre6ted by the firft part of the procefs, 
as to be equal to that commonly fold : but where this procefs 
is pra&ifed in the cafe of fuch putrid oil, ufe half an ounce of 
chalk and half an ounce of lime. 

PROCESS THE THIRD. 

To purify Fijh-oil with the AJfiftunce of Heat , where the greateft 
Purity is required , and particularly for the Woollen Manufacture. 

TAKE a gallon ot crude (linking oil, and mix it with aProcefs 3. 
quarter of an ounce of powdered chalk, a quarter of an ounce G ”*J^ Agitate 
of lime, (lacked in the air, and half a pint of water ; ftir them with chalk and 
together ; and when they have (lood fome hours, add a P* nt ^ e p ! ea ^ d a J ater 
of water and two ounces of pearl-afiies, and place them over an( j Smmeht 
a lire that will juft keep them fimmering, till the oil appearsj v * r a d fires 
of a light amber colour, and has loft all fmell except a hot, 
greafy, foap-like feent. Then fuperadd half a pint of water decantation. 

in 
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In which an ounce of fait has been difiolved ; and having 
i>oiIed them half an hour, pour them into a proper veflel, and 
Jet them (land till the reparation of the oil, water, and lime 
be made, as in the preceding procefs, Where this operation 
is performed to prepare oil for the woollen manufacture, the 
fait may be omitted ; but the reparation of the lime from the 
oil will be flower, and a longer boiling will be* neeeflary. 

If the oil be required yet more pure, treat it, after it is fc- 
parated from the water, &c, according to the fecond procefs 
with an ounce of chalk, a quarter of an ounce of pcarl-alhes, 
and half an ounce of fait. 

Obfcrvations on Procefs the Firfti 

Obfemuont. This procefs may be performed on any kind of fiflt or fea* 
oil that is putrid and (linking, and will improve it in fmell, 
and generally render the colour lightcp, if previoufly dark and 
brown : it will alfo conduce to render thefe oils fitter for burn* 
ing, which are, in their crude (late, faulty in that point ; but 
it will no! meliorate them to the full degree they admit of even 
without heat, and fliould therefore be praClifed when only a 
moderate improvement is required. 

The dregs may Secondly, When the oil is taken off from the dregs and 

W faved. brine, the dregs which fwim on the brine fhould be taken off 
it alfo, and put into another veflel of a deep form ; and oil 
(landing, particularly if frefli water be added and (lirred with 
them, nearly the whole remaining part of the oil will feparate 
from the foulnefs; or, to fave this trouble, the dregs, when 
taken off, may be put to any future quantity of oil that is to 
be edulcorated by this method, which will anfwer the fame 
purpofe. 


Obfervations on Procefi the Third « 

Procefs 3 is b eft Fi'rft. — This is mod advantageoufly performed on tratin*oiI, 

*»r train-oil. ca H e d vicious whale-oil ; and the more putrid and foul it may 
be, the greater will be the proportional improvement, efpe. 
dally if there be no mixture of the other kinds of fifh-otb, 
particularly the feal, which do not admit of being edulcorated 
perfectly by means of heat, but require other methods : blit 
when the vicious oil is pure from admixture of others, how* 
ever (linking it may be, the bad fmell will be removed by this 
procefs duly executed, and the brown colour changed to a 

very' 
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vety light amber ; and thefe qualities will be much more per* 
manent in this than in any crude oil, as it will not, from the 
degree of purity to which it is brought, be fubjeCt to putrefy 
again under a great length of time, whether it be kept open 
or in clofe veflels. 

The oil in this (late will burn away without leaving the lead it will then bura 
remains of foulnefs in the lamp : and, being rendered more clcar » &c * 
fluid than before, will go further, when ufed in the woollen 
manufacture, than any other kind, and will be much more 
cafily fcoured from the wool. 

If neverthelefs there be any branches of the woollen manu- Kitchen-ftnff 
faCture which require the ufe of a more thick and unCtuous thUk oil 
oil, this may be rendered fo by the addition of a proper quan- is wanted, 
tity of tallow or fat, of which a certain proportion will per* 
feCtly incorporate with the oil, the fluidity and tranfparency 
being (till preferVed, as well as all the other qualities that 
render it fuitable to the intended purpofe. This may be mod 
beneficially done by adding a proper quantity of the refufe 
greafe of families, commonly called kitchen-Jluff, which being 
put to the oil, when moderately heated, will immediately dif- 
folve in It, and let fall alfo its impurities or foulnefs to the 
bottom of the veflel, and render the purified admixture a con* 
fiderable faving to the manufacturers. 

Secondly. The different qualities and difpofitions of dif- Thc qnaiititiet 
ferent parcels of vicious oil with refpeCt to edulcoration, render may^varied, 
various proportions neceflary of the ingredients to be ufed. 

The quantities dated in the above procefs are the lead which 
will effeCt the end in general, and frequently greater will be 
required; but this may always be fird tried ; and if it be found, 
after fix or eight hours fimmering of the mixture, that nogra* 
dual improvement is making in the fiuell and colour, but that 
the oil continues the fame in thofe particulars, and remains 
alfo mixed with the chalk and lime, and in a thick turbid date, 
a fourth or third part of the fird quantity of pearl-afhes fhould 
be added, and the fimmering continued till the oil be perfect. 

As the quantity of the water is leffened by the evaporation, it 
is neceflary to make frelb additions from time to time, that 
there may be always nearly the original proportion. 

Thirdly. If it be inconvenient to give the whole time, of and the boiling 
foiling at once, the fire may be differed to go out and be re* time? 

kindled at any didance of time ; an 1 if, in fuch cafe* a fmall 

proportion 
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proportion of pearl-afties difTolved in water be added, and the 
* mixture feveral times ftirred betwixt the times of boiling, it 
will facilitate the operation. The time of boiling may be alfo 
much (hortened, if the chalk, lime, and pearl-afhes, be added 
for fome days before, and the mixture freqently ftirred. 

PROCESS THE FOURTH, 

Which may be pra&ifed alone, ihftead of Procefs the Fir ft, as it 
will edidcorate and purify Fijk-oil to a confiderable Degree, Jb 
as to anfiver waft Purpofts, and for Procefs the Third, when 
the ivkole is performed . 

TAKE a gallon of crude (linking oil, and put to it a pint 
of water poured off from two ounces of lime flacked in the 
air ; let them (land together, and flir them up feveral times 
for the firft twenty-four hours ; then let them (land a day, and 
the lime-water will fink below the oil, which mull be carefully 
feparated from them. Take this oil, if not fufficiently puri- 
fied for your purpofe, and treat it as dire&ed in Procefs the 
Third, diminifliing the quantity of pearl-afhes to one ounce, 
and omitLing the lime and chalk. 

ROBERT DOSSIER 


Trocefs 4. 
Purification by 
tune water* 



An EJfay on the Fecula of Green Plants . By Profejfor Proust* 
(Concluded from Page 278.Vol, IV*.) 

Fecula not I BELIEVE Parmentier was the firfl who doubted, and it 
precipitable was not unreafonable in his time, whether the tin&ure of fe- 

water* cu |a j n a i C0 j 10 | was re fi nous# becaufe it was not precipitated 

by water. But when we confider that water can never de- 
tach it from the gluten, that alcohol, oils and greafe have ex- 
clufively that property, and laftly, that this fubftance, when 
feparated from the alcohol and left to itfelf, is a fat body, te- 


• The dregs, remaining after the fundry proceffes above men- 
tioned, will form an excellent manure; as has been fince noticed i» 
Dr. Hunter's Georgical Effays* 


nacious 
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fcacions and infoluble in water ; it mufi be acknowledged that 
there is no other produd in vegetables to which it approaches * 
fo nearly. But We (hall find, that, in order to give it this cha- 
rader more perfedly, it is only neceflary to add to it a little 
oxigen. 

The oxigenated muriatic acid> in a few days, bleaches and ® ut rendered 
hardens the green refin 5 it then becomes ropy, like boiled e Q £f 

turpentine and its colour is very diffufible in water 5 but if the igenation. 
green part of the fecula belonged to the coloured juices, con- 
tained in dying ingredients, oxigen would not convert it into 
a refin. At prefen t, when experience has taught us not to 
fix fuch find limits to vegetable produds as heretofore, be- 
caufe we fo often find them united by intermediate qualities, 
we (hall not be furprifed to fee that a refin, at its maximum of 
divifibility, can mix with water. Do we not find that cam- 
phor, eflential oils, both animal and vegetable, farcocolle, &c. 
are completely diilolvcd by water ? Yet we do not from that 
circumfiance exclude fuch produds from the clafiification 
which anafyfis afligns to them. 

The green fecula acquire, by the adion of oxigenated mu- When it turns 
rialic acid, that tawny brown colour which indicates the de-^ rown * 
cay of the leaves in winter, and their aqueous diffufion be- 
comes abundantly turbid. On the whole, then, we may infer, 
that though the colouring matter of the fecula cannot refift the 
adion of water, when extraded by alcohol, it is never thelefs, 
in all its other qualities, a fubftance truly refinous; and though 
this produd, which is one of the mofi curious of the vegetable 
kingdom, becaufe it adorns it by its various combinations, has 
not been admitted in the Jyflem of chemical knowledge, yet the 
chemifis who have been the mofi occupied with it, fuch as 
Rouelle, Danel, Sage, Parmenticr, &c. have not thought it 
lefs worthy of their invefiigations. 

This refin, when difiolved in potath, quits it to unite with This refin quits 
filk, which it tinges of a clear green, but too, fugitive preferenw ^ 

come ufeful ; notwithfianding which it refifis the adion of with animal 
verjuice ; but its attradion for gluten in preference to the ve- * 

getable fibre, is conformable to eftablilhed principles; for, in 7 * 
general, colouring bodies attach themfelves to animalifed fub- 
fiances, rather than to the fibres of flax, hemp, or cotton. 

There is then fbmething in the fecula analogous to wool, to 
filk, &c. It is the gluten. 

Vol. V.— May. C V. Let 
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V. Let u$ now examine the fecula by tefts more adapted to 
• difclofe the new characters of animalifation. 

The fecula pu- If, in fu miner, the fecula, either boiled or raw, be kept 
animal body!” underwater, in lefs than twenty four hours it yields a dif- 
agreeable fmell, and foon exhales an excrementous fetor which 
continually increafes, and, to which it might be dangerous to 
be long expofed. The infectious miafma arifing from it, in- 
. ftantly difcolours metallic writings ; and its liquor, which may 
be compared to a cadaverous fames, alfo rapidly blackens 
plates of filver. 

Steeping of ilax. It is, without doubt, from the corruption of this principle, 
rather than from any other caufe, that the pernicious exhala- 
tions from hemp and tlax, while fteeping, arife. Running 
waters, which are equally proper to leparate the flax as Hand- 
ing ones, quickly carry olF their extractive juices; there can 
only remain the fecula intangied in the green fibres which is 
fufceptible of being deftroyed by fteeping. 

' The liquor, which at the end of a year, remains above the 
rotten fecula, contains fulphurated hidrogen, carbonate ol 
ammonia, and gluten diilblved by the intervention of the latter 
principle. 

The liquid very This liquor has alfo this peculiarity, that it preferves its 
chftmately fFcr- flercoral finell after long boiling. The produCt of its diftilla- 
CwrA ' tion contains carbonate of ammonia, combined with a prin- 

ciple of infeClion, which docs not blacken metallic lolutions, 
and,with the nature of which I am not at all acquainted. 
Acids, by precipitating the fecula and faturating the ammonia, 
do not weaken it ; this has, for a long time, induced me to 
The Ififeftion think, that though the effluvia from a mafs of animal putrefac- 
ppcuhw pu- tion may forve as a vehicle to the phofphorus and fulphur con- 
ymg ° tainecl in it, yet Hide c.ombuftibles aie not alone, the caufe of 
the infeClion. For there is a great difference, for example, 
between the fmell of rotten fifli or fiefti, of corrupted fecula, 
of flinking cheefe, and thole of phofphorated and fulphurated 
hidrogen. 

On Putrefaction, 

What, then, is putrefaClion ? A change of which we have 
very few clear ideas. 

Ptttrefaaion is When fecula, curd, fiefh, or any organic matters in general, 
not definition, hj|ve t h r0U gh a certain period of this change, which we 

are 
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are accuftomed to call putrefaction, all at once they flop in a . 
ftate of. permanence, in which, unknown combinations feem 
to fix, and as it were to fait them, to embalm them, fo as to 
infure their duration in this new ftate and to fecure them from 
all fubfequent definition. 

When, for example, the curd, the fecula, the gluten, or but a permanent 
the flefh, after having pafted through all the changes of an in- ftate * 
feciion, which is often deadly, and thofe derangements of co- 
lour and of form which disfigure them, have at laft arrived, 
the one to a cheefy ftate ; the vegetables, the dung-hills to 
mould, turf, or poudrette; — flcfli itfelf has not been annihi- 
lated after an ichorous ftagnation of fifteen years: all flop at 
this point, without being able to pafs the limit, without ever 
attaining, at leaft under our eyes, that final difTolution which 
inuft terminate their exiftence, or reduce them to a mere 
earthy matter, inert non ab fimikm cineribus , to ufe the ex- 
preftion of Stahl, in fhort, to a ftate in which no trace of the 
radical of their organization can be difeovered. 

Putrefaction of this kind in ftriCtnefs takes place no where. Complete de- 
No fooncr do we perceive the derangement of the organiza- ^“ trc ~ 

tion of an animal or vegetable matter, lividily, infection, where fecn. 
but we conclude that this procefs has commenced ; and with- 
out confiderafion, we confound thefe appearances, which be- 
long to a fpecies of fennentation, little known, with the ef- 
fects of that which alone is the true putrefaction, it its end 
agrees with the notions we form of il ; if it be truly an ope- 
ration determined by nature to analyfe and refolve into their 
laft principles, thofe fubftances which are fubmittedto it. 

Hence we may conclude, that abfolute putrefaction is a 
thing wc are totally unacquainted with. But let us return to 
the fecula ; it is time to attend to that which is in fuch a ftate 
of divifion as to pafs the filtre. 

VII. We will take as an example, the filtered juice of cab- Focula from cab- 
bage, one of thofe plants which yields it mo ft abundantly. ^ agc J uice > . 

° 1 J J compaied wita 

And, at the fame time, the better to deraonftrate the differ- albumen, 
ence between this fecond fecula and albumen, we will fubmit 
the latter to the fame proofs. The white of an egg beat up 
with a pound of water, and filtered, will furnilli the teft li- 
quor we want. 

lft. Into water heated to 50 degrees, immerfe two matraftbs. It feparates from 
-one with the filleted juice, the other with albumen. In an ^ cr 
C 2 in J taut 
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inftant the juice will be clouded with cheefe-Iike docks which 
fell to the bottom ; but at this temperature, the albumen does 
not experience the flighted change. 

2d, Place on a furnace two raatrafles, the one with juice 
mixed with twenty parts of water, and the other with albu- 
men. The fecula, however diluted it may be, will never- 
thelefs be entirely feparated by the heat ; thus clearly proving 
its infolubility. With refpedt to the water of the albumen, as 
it heats, it opalifes, without loiing its tranfparency ; it boils, 
and becomes contracted, but does not depofit flocks, or any 
thing refembiing fecula. And, if at lad the evaporation be 
compleated in an open veil'd, it ends by leaving only a coat 
of white egg. Darcet has already (hewed that albumen dif- 
perfed in a great quantity of water, is no longer feparable by 
heat. Albumen is a foluble mucilage, fecula is not ; and the 
temperature which codgulates the latter produces no change 
on the date of the fird. 

3d. The water of albumen remains feveral days unaltered ; 
the juice of plants, on the contrary, is in a continual date of 
change which never ceafes to didurb its tranfparency. Filter 
the juice, it becomes turbid; repeat the filtering, it again be- 
comes clouded ; in fliort it continually depofits white fecula. 

4th. Albumen changes the juice of violets green, and rc- 
dores reddened turnfole to blue. 

The white fecula, waflied, does not produce either of thefe 
changes. And how (hould it? The juices of cabbage, hem- 
lock and many others redden turnfole. Befides the property 
of changing it to green is not poflTeffed by the albumen it felt : 
it is known to be ow ing to a mixture of alcali. 

5th. Alcohol feparates light, tranfparent, glary flocks from 
the water of albumen, which retain, on the filtre, the ap- 
pearance of boiled white of egg. The juice of plants only 
yields to alcohol a whitifli opake powder, which quickly falls 
to the bottom of the veflel. 

6th. All the acids, hidro-fulplmrated water, and ammonia 
precipitate the fecula diflblved in the juices ; but thefe re-agents 
operate no change on the water of albumen. 

The oxigenated muriatic acid precipitates and oxidates the 
white fecula; the fame acid firfl oxidates and then precipitates 
the albumen. 


7 tli. Cryftalliawd 
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7th. Cryftallized carbonate of potato, magnefia, fea-falt, and with com* 
muriate of potato, fal-ammonia, faltpetre, &c. thrown into f0und ** 
a filtered juice, caufe the fecula, which by its nature is but 
little foiilble, to precipitate in proportion as they diffolve. 

The water of the albumen is not difturbed by any of thefe falls. 

Conftquences. 

The white fecula* depofited fpontaneoufly, or by. alcohol, Fecula infoluble 
acids, falts, &c. is infoluble in water. The albumen is the re- 
verfe : the acids which precipitate the fecula, do not alter the 
fojution of albumen. 

No fait is capable of depriving the albumen of water ; but 
with the fecula it is different ; its affinity for water is fo weak, 
that there is none which does notdeftroy it; and, confequently 
precipitate it. 

The white of egg dried and afterwards foftened is reftored, Other ftriking 
in bulk, in opacity, in whitenefs to boiled albumen. Not fo differences, 
the white fecula ; it becomes of a deep brown. Nay the 
greateft number are entirely blackened in drying, fuch as thofc 
of cabbage, creffes, folanum lico perficum, &c. and if they are 
foftened in water, they v\ ill never afTume the appearances 
which are known in white of egg. In toort, this fecula is - 
nothing but a part of the gluten which forms the bafis of the 
green fecula. If, for example, the fecula of white cabbage. Green and white 
fcparated by the filtre, be compared with that which is ob-f ccuIa * 
tained from its juice by heat, and both be deprived of their 
colouring parts, the final left difference will not be dif covered. 

But, above all, the white fecula is the moft eafily diffolvcd, 
becaufe it is not, like that which is green, in a ftate of com- 
bination which oppoies it. All plants contain a portion ot- 
gluten, which, not having been vivified by the light, remains 
without colour. 

The cabbage, the endive, the (efearolle) and the plants 
blanched by the art of the gardener, alfo yield white fecula, 
but in much lefs. quantity than when they are permitted tore- 
main green. The ftalk of the cabbage and that of hemlock 
afford pale fecula in comparifon with that obtained from their 
leaves. But in general it is not neceffary that vegetables toould 
Slow much colour outwardly to indicate their poffeffing much 

gluten. 
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Separation^ by gluten. The fmali houfeleek, as we (hall fee prefently, yields 
exdufive cha- an abundant fecula of a deep colour, and particularly rich in 
rafter of albu- wax. 

Inen * VIII. But it will . be faid, that the albumen being the only 

product in which the property of coagulating by heat has been 
noticed, it would appear natural to conclude that, &o. But 
the milk of almonds alfo feparaies by heat, alcohol, acids, &c. 
This is a fadl which has been always known in pharmacy, and 
neverthelefs a conclulion' has never been formed from this 
flender appearance that emullions contained white of egg, be- 
caufe even if the characters of animalifation had been per- 
ceived in the principles of the emuifions, they ought hkevvife 
to have exhibited other ftriking marks of refemblance before 
they could have been confidered as albuminous *. 

The characters It is alfo in this point of view that the gluten of ferula mud 
gLte CUla *not re g ar ded, becaule it is neither tenacious, nor elaltic, nor 
the fame fermentable, like that of chcdfe f . In announcing it to chc- 
throughout, &c. m jfts as a product analogous to that from wheat, Rouolle only 
brought forward part of the charadets which conftilutc the 
agreement, thofe alone which belong to the nature of the com- 
ponent parts, becaufe the external marks of refemblance do 
not exifl; for the fame reafon, my objeft, in defending the 
labours of this great mafler, is much more to retain in the ca- 
talogue of his dilcoveries that of an animalifed matter found 
more immediately in the leaves, than of gluten properly fo 
called, becaufe this in fa&, is the difeovery which the author 
of the Syftem" lias rcmleicd doubtful in his woik. Break 

* Rouelle had a much better foundation than he was aware of, 
for comparing the green juice of plants to an emulfion. Thecheeie 
feparated from the milk of almonds, by fome one of thefe means, 
being wafhed and dried, yields an oil by expreffion, and afterwards 
all the products of cafeum, by diftillation* This, without doubt, 
is the reafon why almonds and all forts of nuts, afford fo great a 
quantity of nitrogen, with ninic acid. 

The thin milk of almonds contains gum, a little extractive mat- 
ter, and fugar, which is either that of the cane, or that which I 
difeovered in the grape, and which I (hall deiciibe when treating 
of fermentation. 

t The gluten of wheat is fufceptible of a fermentation which is 
peculiar to it. The gafes difengaged are carbonic acid and tolerably 
pure hidiogen in abundance. I fhall hereafter refume this fubjeft. 

the 
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the aggregation of animalifed matters, take away the forms of 
tflk, horn, wool, feather, &c. and it is clear that then being* 
confidered only as to their conftitnent parts, they would be al- 
bumen, gluten, fibre, and all that can be ftated, becaufeif the 
conftituent parts are, in all refpcAs, the fame, (which even 
now has not hitherto been examined, and which neverthelefs 
is the only proper means of diftinguifhing them from each 
other,) nothing would remain but to afcertain the proportions 
in which nature has combined them, in order to give them 
their rcfpedtive properties or being. 

But, it may be added, that if the albumen be not feparated Whether fccula 
fiom the juices with chara&crs as diftin6t as may be wiflied, a ^ umen * 
this muft be aferibed to the extract, the falts, and the acids 
which are conftantly united with it, and which cannot but dif- 
guife it a little ; it is particularly in the wathings of flour that 
it muft be fought, to be obtained in lueli a ftate of purity as 
to put its nature paft all doubt. Let us fee then what the 
wu filings of flour will afford. 

IX. The water of flour like a recently filtered juice, is in a Water of flour 
ftate of change continually incrcafing, and which docs n °t ^[eT^uicc 
ceafe until the acid arifing from the fermentation of the fao 
charine principle has completed the precipitation of the gluten. 

All the acids, all the falts which have been applied to the 
juices operate in a fimilar manner upon the wathings of flour; 
alcohol does the fame, but not vinegar, becaufeitclitfolves the The gluten 
gluten. in a word, it is not by coagulating the gluten that parated by acids, 
acids foparale it from juices and the water of meal, becaufe 
ammonia and falts do the fame, but rather by attra£ling the 
folvent of a fubftanee which appears to borrow its folubility 
from a pure and fimple divition, but not from an affinity limi- 
Jar to that which unites gums, fugar* or albumen to water. 

The water from flour expofed to a heat of fifty degrees, and by moderate 
parts with its gluten like the juice of plants. Neither can Id- lledt ' 

Jubility be imparted to the gluten by diluting it with a large 
quantity of water. It is precipitated by the flighteft impref- 
fion of heat. 

I have collected to the quantity of an ounce of gluten, fe- 
parated by heat from fuch wathings, to be kept in its own 
moifturc; it fermented and produced vinegar and ammonia. 

At prefent, after two years, it is a dark mafs, cellular, odo- 
rous and favoury, like the cheefe from gluten. 


To 
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Albumen has 
not been dif- 
covered in 
vegetables. 


Remarks on 
other objects. 


To conclude; albumen has not yet been difeovered in ve- 
getables. Though it is not to be thence inferred, that it is 
impoflible it ihould be fotmed there as well as in animals. 
The time in which we live, more fertile than ever in obser- 
vations, convinces us daily that there are few products, either 
of one kingdom or the other, which can be truly contidered 
as excluiive. Neverthelefs it mull be admitted that in en- 
deavouring to eftablifh the exigence of albumen to the exclu- 
sion of the gluten of green plants, the learned author of the* 
** Synem” has depended loo much on the feeble fupport of a 
Ample appearance. It appears to me that, before dating the 
exiftence of the albumen, he ought to have ftrengthened his 
firft opinion with fads more conclufive than the Angle one of 
concrefcibility. Let us not however overlook that, in fo vaft 
an enterprife as his, it is very difficult for an author to bring 
all his materials together with equal precifion. 

It will be in the fame difpofition that I fhall extend thefe 
conclufions to the other products, placed by Fourcroy, without 
fufficient examination, among the glutinous fubdances of ve- 
getables. 

There exids, fays he, an obfervation more exa& and more 
pofitive than that of Rouelle upon the prefence of this gluti- 
nous matter in the vegetable texture which forms linen, paper* 
&C. p. 296. vol. vii. It is fufficient to recall this padage to 
the recollection of its author. More details on my part, would 
bave too much the appearance of cenfure. I think Fourcroy 
will fupprefs it in a new edition as well as that relative to the 
pade of mallows. If this pade be entitled to be placed in the 
clafs of the animalifed products of vegetables, almond pade. 


and thofe of frangepanc, eggs, marmalade, &c. are equally 
deferring to be fo arranged. 

Bird-lime is a With refped to the bird-lime mentioned in the fame chap-* 
lund of torpwl * ter, it is univerfally known to be only a kind of turpentine, 
an inflammable aromatic refin, folubl* in alcohol, formed by 
vegetation in thg fibrous texture of the holly-oak, in the fruit 
of the elder, perhaps in its bark, and in other plants, but in 
no refpeCt a glutinous fubdance. 

Green fccuh, X. Potafh eafily diflolves green fee ula, and divides it into 
end leaves woody 5 one un * les to the folvent and the other is fe- 

matter, parated in the form of a green powder which is not affected by 

a new quantity of potaftu This powder, being waftied and 

dried* 
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dried, yields by diftillation the products of white wood, of 
linen, that is to fay, nothing ammoniacal. It is the woody 
part which uiually accompanies the fecula in confequence of 
the trituration. 

This folution has all the chara&ers of an animal folution ; The folution 
it exhales ammonia, an odour which is that of a woad vat ; ^ a a ^ mal cba ‘’ 
it blackens the lilver evaporating bafon, and emits, by the 
action ot acids, an effluvium which darkens the writing of 
white metals. 

But in this cafe, as in the foap of wool, great part of the Bat the fecala 
fecula experiences a lots which deranges the nature and P ri> *2wrcVb ^c'd 
portion of its radicals. Acids only feparate a fmall quantity ^ 

of the fecula. The remainder acquires an extractive cha- 
racter which difpofes it to unite with water. Neither alcohol 
nor acids can feparate this new extract from falts. It is of a 
fawn colour, and muriate of tin precipitates from it a dulky 
lake. 

With refpeft to the other, when collected and waflied on Properties of the 
the filtre, it is worthy of notice that it has ‘not loft the p ro - fe P aralc ‘ iniatter * 
perty of hardening by the heat of boiling water. 

Alcohol acquires a deeper green from the precipitated 
fecula than from that which is frefti. This arifes from the 
refin, which not being deflrudlible like the gluten, is united 
jn greater quantity to that which efcapcs the deftru&ion. As 
to its other properties, this fecula, by diftillation, yields 
ammoniacal products. 

XI. An acid of 18 or 20 degrees difengages azote abund- Acids feparate 
antly from green fecula ; a ftronger acid dilfolves them with 
facility, and Separates a little powder which is the ligneous 1 
fragments of the plant. 

However fparingly the nitric acid is ufed, it is but feldom 
that cryftallifed oxalic acid can be obtained. It is refolved 
into carbonic acid and water. 

The folutions of fecula always contain the yellow bitter 
principle of Welter, fulphuric acid, benzoic acid, oxalate of 
lime and fat. If the folution of a fecula containing iron, 
fuch as the folanum lycoperficum, be precipitated with acetite 
of lead, a powder compofed of oxalate and phofphate of lead, 
and oxide of iron is obtained. On heating it with the blow* 
pipe it burns, even the lead is diffipated and nothing remains 
but a globule of phofphate of iron. 


When 
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When a vegetable produft contains nitrogen, fulphur, 
phofphorus, benzoic acid, fat, yellow bitter, iron in abund- 
ance, no doubt can remain of its belonging to the clafs of 
animalifed fubftances. 


Of Wax. 

Wax is a vegeta- xil. Wax is the work of vegetation, and not of the bees. 

it is, I think, in deriving nourilhment from the gluten which 
accompanies it in the duft of the ftamina that they make the 
feparation. This duft yields ammonia in abundance, which 
has led me to believe that it contains gluten and now that I 
• have difeovered wax in certain fccula, I am of opinion, that 
if this duft was treated with nitric acid, wax would be ob- 
tained. 

It injy be had The fecuia of the fmall houfeleek yielded a quantity that 
tiom iccala. fhrprifcd me. Tiiis wax is white, dry, brittle and without 
fmcil ; it cannot be confounded with the febaceous piodu&s 
obtained from other fecuia, fuch as thofe of hemlock and 
folanuiu. Meftrs. Fernandez and Chabaneau examined it to 
falisfy themfclves ; they chewed it, and were convinced that 
this product was a perfect wax. 

The fecuia of green cabbage alio yielded it, but in much 
lefs quantity. The wax appears to me to be the varnith 
fpread over the plants by vegetation, doubtlefs to preferve 
It covers plants them from the effects of wet, which might injure them; It 
is this varnifh which divides the rain and the dew into the 
filvery pearls upon the leaves of cabbages, poppies and fo 
many other plants which atiord ’this agreeable Ipectacle in oui 
gardens. It is alfo the wax which the curious gardener who 
gathers a plum, a lig, or a grape is careful not to rub off 
with his fingers. 

At Paris, an. orange on removing the paper in which it has 
been wrapped from its leaving Portugal, will be found covered 
with a farinaceous coating, which may be taken oft' with tbo 
blade: of a knife, and then brought to a candle and melted 
to afeertain its nature. 

The fccula of opium alfo contains a fat which from its 
firm confidence, nearly rcfembles wax, and which has been 
known to many opiologifts, 

and filk. Finally, raw filk is alfo covered with a coating of wax 

which is carried oft’, with the colour, by alcohol, and is 
feparated from that fluid by cooling. 
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Of fo/ne other fecula left known. 

When five or fix pounds oF faffron are operated upon at the Fecua from 
fame time in order to obtain the volatile oil and extract, a 
fine powder is obfervable in the decoction, which renders it 
cloudy, precipitates, and may befeparated by {training. This 
powder wafiied aflurnesin dr)ing theeontra£lion and horn-like 
appearance of the green fecula in fummer ; it putrefies rapidly 
and becomes Food For worms if care be not taken. In the 
fire this teen I a yields all the produfts of gluten. With alcalis 
and lemon-juice, it tinges filk of very brilliant yellow. 

Borage. 

A plant may contain gluten in two fiates: the one, in the from borage 5 
fecula ; the other, ditlolvcd in its juice by means of potafii. 

Such is the juice of borage; clarified, it is thick and of a 
light blue colour ; a Few drops of acid feparate From it a cheefy 
curd which may be collected on the filtre, and is nothing but 
gluten. 

Elder. Dwarf Elder. 

The berries, in the midlt of an highly coloured, very gummy, from clder and 
and tlight by faccharinc juice, contain a Fecula as green as that dwarf eldcr# 
of Fpinach when it has been well purified From its red colour. 

Alcohol extradls From it a green tincture'; the refidue is a 
gluten not at all different from that of Fecula. 

On cruthing thefe berries their bird-lime flicks to the fingers ; 
it is of the Fame confiflence as that From tjie holly-oak : fub- 
mitlcd to fermentation thefe juices yield a very fniall quantity 
of* fpirit of a difagreeable fmell. It is fuccceded by an aftonilh- 
ing quantity of very good diftilled vinegar. 

Buckthorn. 

Its juice, which contains a very naufeous bitter extra# with f rom Budc* 
guip and a little fugar, is thickened with a greenifh mud, 
which is feparated, from it by heat and fermentation. This 
pulp, well wafhed, is of a clear green ; it is gluten mixed 
with a fmall quantity of fibre. It affords carbonate of am* 
inonia, &c. 

The Eofe. 

Its petals yield by trituration a fine lightly coloured fecula, from the rofe. 
which affords the fame produces as gluten. 


Grapcs t 
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Grapes . 

from grapes* Fecula is found abundantly in them, it is that which makes. 

the ley of wines ; but to fpe?k of this produ6t would be to 
anticipate what I have to fay on fermentation. 'Laftly, gluten 
is found in quinces, apples and, without doubt, in other 
fruits ; it is found in the acorn, the horfe*chefnut, the Spaniih 
chefnut, rice, barley, rye, peafe, and beans of all forts. I 
(hall return to this fubjeft in treating of the difference between 
wheat which has germinated and that which has not under- 
gone this operation. 


IV. 


Defcription of a Borer for draining Boggy Land • 
By Thomas Eccleston, Esq.* 


Chief difficulty 
of draining bogs. 
The newly tut 
drain riles up* 


Remedy by 
boring* 


Method infuf- 
ficient. 


The greateft obflacle to the effectual draining of many 
boggy lands, confifts in the earth in the bottoms of the ditches 
or drains when newly cut, and more elpecially if made to any 
confiderable depth, fifing from the preffure of the waters 
contained in the bog, by which the new-cut drains and ditches 
are frequently fo nearly filled up, as to impede the flowing of 
the water they were intended to carry off, and thereby ren- 
dering the work comparatively ineffectual. 

There are different layers, or ftrata, in mofs or peat lands, 
which will not allow the water eafily to filtrate through 
them, yet are of fofoft and fpongy a nature as to rife from the 
preffure of the water contained in the bog. 

It becomes neceffary to give a free vent to the above con- 
fined water, effectually to drain fuch lands. This has been 
mod fuccefsfully done by the Augre, a model of which I 
have herewith prefented to the fociety. 

A common augre, or even a pole, will force a paffage, 
and give vent to the water for a (hort lime ; but owing to the 
peat being only preffed tideways, and not cut out, the parts 
foon join again, and the paffage of the water of courfe be- 
comes completely obftru&ed ; but by means of this augre, a 
cylindrical column of peat of fix inches diameter will be 
clearly cut out and taken thence, and a free paffage maintained 
for a very confiderable fpace of time. 


* Soc, of Arts. 1801. 


The 
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Tlie firft experiment made, produced a clear augre-hole kut the large 
•f the above dimenfions, four yards in depth, in one hour ; Stable hole* 
and the water, which had been pent up in the bog, rofe 
above the level of the bottom of the ditch, from four to fix 
inches ; and the bottom of the ditch, which was previoufly 
Very fo ft, and had begun to fwell and rife, in a few days 
became more firm and folid, and this in fo great a degree, 
that when cleared it remained without fwelling or riling in 
the lead. It will coniiderably reduce the expence of draining 
fuch lands, by rendering them fo firm as to caufe the firft end- 
drains to ftand. 

The mod proper depth to bore, depends on the fituation. 

Where the mofs lands lie low, and are in danger of being Hooded, 
no greater depth than what is abfolutely neceflary for draining 
the furface fliould be bored, as, by deep boring, the land may 
be funk fo low as to be liable to inundation. 

A. Plate II. Fig. 2. The cutter of the borer, which pene- Defection, 
trates the peat. B.. The body of the borer, fix inches in 
diameter* C. The aperture through which the peat in- 
troduced by boring is drawn out. D. A portion of the iron 
bar of the borer, to the upper part of which a crofs handle 
is to be fixed. 


V. 

Defcription qf an Improvement in the Gun-Lock by which the 
cafual Di/charge qf the Piece is prevented. By Mr. John 
Wkbb *. 

I HAVE taken the liberty of fending to the fociety an inven- The inventors 
lion of mine, to prevent the accidents which frequently at- ,cttcr * 
tend the ufe of fire-arms, and which may be applied to the 
gun-locks now in common ufe. It is contrived on fuch a 
principle, that when it is on full cock, and the trigger pulled 
in the common manner, it returns to the half cock only, 
unlefs, at the fame time that the trigger is pulled, the preflure 
of the thumb is applied on a fpring placed upon the butt or 
flock of the gun ; in which cafe it gives fire in the ufual 

* Tranfa&ions of the Society of Arts, 1802 . To the Secretary} 
and the Society gave the inventor a bounty of twenty guineas. 

manner. 
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manner. The intent of this invention is to guard againft the 
calualties which arife when fire-arms are left loaded, or the 
misfortunes which frequently happen from twigs of trees or 
bufiies catching the trigger when Iportfmen are palling 
through hedges. 

I hope it will meet the approbation and encouragement of 
the Society, and am, 

S I R, 

Your humble Servant, 

JOHN WEBB 


Drfcnjilion of Mr. John Webb’s Gun-Lock, Plate I, Fig. I, 

2, 3, K The letters of the fcveral Figures correfpond 

together in the general Defer iplion. 

A is the cock — B, the hammer — C, the main fpring — 
D, the tumbler — E, the large fear — F, the fmall fear — G 
the fear fpring — H, the Ilian k or arm of the large fear — I, 
the lhank or arm of the fmall fear — K, the thumb-piece — L, 
the trigger — M, the lever of the thumb-piece — N, the fpring 
which holds the thumb-piece up, when not prefled upon by 
the thumb. 

Fig. J , is an interior view of the lock at full cock. 

Fig. 2. — The fame lock at half cock. 

Fig. 3 . — The lock when down. 

Fig. \. — The lock fixed in the gun-flock, in order to (how 
the thumb-piece K and the trigger L, with their mode of 
action. When the gun is held cocked in the ufual manner, 
ready to fire, and the trigger L is pulled by the finger, the 
thumb, being prefled at the, fame time on the piece K, raifes, 
by means of the lever M, moveable on a pin. in its centre, 
the lhank 1 of the fmall fear, and admits the cock to give 
fire as in the common way ; whereas, if only the trigger L 
is pulled, the lock flops at the half cock I ; further motion 
being prevented by a notch in the fmall fear. A fpring, N, 
{crewed to the (lock, returiis the thumb-piece to its place, 
when the thumb is taken off. 

Fig. 5 Ihows, on a larger fcale, the conflruftion of the 
tumbler, large and fmall fears, the fear-fpring, and the 
manner in which they rife out of the bents of the tumbler. 

VI. Description 
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VI. 

Defeription and Account of a ftmple Apparatus for breaking-up 

Logs qf Wood by the Explofion qf Gunpowder, By Mr. 

Richard Knight *. 

SIR, 

I HAVE frequently obfcrvcd the great difficulty, labour. Remarks on the 
and lofs of time experienced in breaking-up logs of wood, knight's ap!«! 
particularly for the purpofe of fuel ; fuch as the flumps and paratus. 
roots of large trees, which remain alter the felling of timber, 
many of which, efpecially fuch as con lift of the harder and 
more knotty kind, as oaks, elms, yews, &c, are frequently 
left to rot in the ground, in order to avoid the neceflary ex- 
pence of breaking them to pieces in the common way, which 
is generally effected by the axe, and driving a fucceffion of 
iron wedges with a Hedge hammer ; a laborious and tedious 
procefs. Sometimes gunpowder is ufed, by letting a blaft 
in a limilar way to that in mines or flonc-quarries. This 
method, though lefs laborious than the former, is tedious, is 
attended with feveral difficulties, and requires coniiderable 
experience and dexterity, or the plug will be more frequently 
blown out than the block rent by the explofion. With a 
view, therefore, to obviate thefe difficulties, I have con- 
Unified an inlirument, a lketch and defeription of which I 
now inclofe for your approbation. The fimplicity of its con - 
ft ru 61 ion and application is fuch as almofl to preclude an idea 
of its originality ; but as it has hitherto appeared entirely new 
to all my acquaintance, and as I do not knftw that any thing 
of the kind has ever before been prefrnted to the public, l 
am induced to think it may not be unacceptable ; and fliould 
it appear to you an obje6t worthy the attention of the Society 
of Arts, I lhali be happy in making it public through a 
channel fo highly refpe6table ; and will, immediately on being 
favoured with )Our opinion, tranfinit (o the fociety a com- 
plete inftrument with the neceflary appendages, and a more 
minute defeription of its mode of application. 

I am. Sir, Your obedient humble Servant, 

RICHARD KNIGHT. 

Fojler-lane, March 16, 1802. 

# Tranfa&ions of the Society of Arts, 1802 • The Inventor re- 
eived the Silver Medal. 
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The following Articles xoerefent to the Society, See Plate It* 

Fig . 1 and 2. 

A, the rending or blowing (crew, with a wire B, for the 
purpofe of occafionally clearing the touch-hole> previous to 
the introduction of the quick-match . 

C, an auger proper to bore holes, to receive the charge 
of the fcrew. 

D, a gouge, to make an entrance for the auger. 

E, a lever, to wind the fcrew into the wood, with a leather 
thong F attached to it, in order to fatten it occaiionally to 
the fcrew, to prevent its being lott, in cafe it (hould be thrown 
out when the block is burtt open ; a circumftance which does 
not often occur : for in all my experiments, when the wood 
has been tolerably found, I have always found the fcrew left 
fixed in one fide of the divided mafs. 

A roll of twine is to be tteeped in a folution of nitre, for the 
purpofe of a quick match, or train, to difeharge the powder, 
by thruttinga piece thereof down the touch-hole, after taking 
out the wire B. 

Account of the The firft that was made was for J. Lloyd, Efq. of St. Afaph, 
inftrument the late member for Flint, who, having a great quantity of 
* u yue * timber on his ettate, confiders it a confiderable acquifition ; 

and at Overton-Hall, latt fummer, fpoke fo favourably of it, 
in my prefence, to Sir Jofeph Banks, that he immediately fent 
for his fmith, and requetted I would give him the neceffary 
inftruCtions for making one ; but’as I left that part of Derby- 
fhire foon after, I had not an opportunity of feeing it finifhed. 
Since my return home, I have had feveral made, fimilar to 
that which I now prefent to the Society, which are better 
iini(hcd, and have fliarper threads than fmiths in general have 
an opportunity of giving them. 

Letter from Mr, Lloyd on the fame fabjedt, 

DEAR SIR, 

Account of the AFTER you left us latt autumn, at Sir Jofeph Banks’s, his 
afe and applica- fmith, who is a remarkably good workman, bellowed much 
jinn of the blaft- nee dlefs time and trouble in making a blafting-fcrew ; for he 
Sof fcrew. ffoifted it in the higheft ttyle of polilh, and, I think, made the 
thread of the worm too fine, or at lead finer than was needful. 
However, it anfwered moft completely, and very much to 
Sir Jofeph’s fatisfa&ion, who lamented he had not Teen fuch a 

contrivance 
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ton tri vance many years ago, when a relation of his ufed to 
amufc himfelf with fplittingthe roots of trees, &c. in the com- 
mon way. I have ufed the blafting-fcrt w, for fo I (hall call it* 
all the laft and preceding winter, with the greateft fuccefs, 
and have gained many loads of fuel, which otherwife would 
have been fufTered to rot, as the expenfe and labour in clearing 
the roots in the ordinary way renders the fuel fo procured too 
expend ve ; and fince I have had the fcrew, I have obferved 
foine hundreds of roots in a rotting Hate in other places, from 
the want of knowing that there was fuch a contrivance as the 
fcrew. I think you would ferve the publjc in no fmall degree, 
by divifing fome method of making its ule known to the world. 

When I was at Overton, fome pieces of very tough, knotty, 
clofe-grained oak were picked from the timber-heap, for the 
ufeof the Gregory lead-mine, by Sir Jofeph Banks’s dire&ion, 
and the fcrew fevered fome pieees four or five feet in length, 
and nine or ten in diameter, throwing them fome feet afunder, 
to the furprife of the miners, who were afiemblcd on the mine- 
bank. Sir Jofeph took the fcrew with him to Ke.velby- Abbey, 
in Lincolnfhire, where, I underftand, he had fome large roots, 
that ha^lain by many years as u (clefs ; and I dare fay he will 
give you a good account, and bear tefiimony to the utility of the 
invention. We have ufed it without a (ingle accident ; but my 
neighbour. Lord Kirkwall, having procured one to be made 
by that which I had from you, one of his fervants, in his Lord- 
(hip’s abfence, I prefume, put too much powder into the hole, 
and the fcrew was blown as high as a one- pair of-fiairs window, 
and palled through it into an apartment where a perfon then 
happened to be, but without any fa.ther mifehief than the lofs 
of a pane of glafs. Any one who ufts the inftrument will foon 
learn what depth of fcrew will be fuflficient to fplit any root in 
proportion to its ftrength, taking care that the fcrew has fuf- 
ficient hold to refill the force of the gunpowder, before the root 
is cleft. I think much powder may be faved by tiling a cotton 
match, impregnated by a folution of faltpetre, or any of the 
combuftible matters generally made ufe of in fire-works ; and 
by the ufe of the cotton the hole through the fcrew may Le 
leflened, which will add to the adion of the confined powder, 
though a draw filled with powder, in the manner in which the 
miners ufe it, anfwers very well. Should any one be timid in 
^pling 4ie fcrew, a chain or rope may eafily be attached to the 
fcrew, and that fixed to any log, or fattened to a Hake driven 
Vol.V. — May, D into 
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into the ground. If wood is rotten, the fcrew cannot a£t. I allure 
you, that when I go abroad, I conftantly fee great quantities of 
roots in a rotten Hate, about almoft every farm-houfe, which 
would not be the cafe if the utility of the inftrument were made 
public. I am. 

Your much-obliged friend, and humble fervant# 

Wye fair, March 26, 1802. J. LLOYD. 


VII. 

Letter from Mr. Dalton, containing Obfervatidns concerning 
the Determination of the Zero of Heat, the thermometrical 
Gradation , and the Law by which denfe or non-elajlic Fluid « 
expand by Heat. 

Manchejter, April 20th, 1803. 

To Mr. NICHOLSON. 

SIR, 

Remarks on a your ^ Number, page 221, a correfpondent has ad- 

letter in our laft verted to an hypothecs which I fuggefted in my account of 
number,^con^ experiments on the expanlion of claftic fluids. It was, that 
iero^f heat. rCd " ^ ie repul five force of each particle [of gas] is exa6tly pro- 
99 portional to the whole quantity of heat combined with it,” 
when fubjeft to a given prelfure. Having previoufly found 
that 1000 parts of any elaftic fluid, at temperature 55°, were 
expanded to 1325 at 212°, it followed from the hypothefis, 
that the quantity of heat in air, of 55°, is to the quantity in 

air of 212°, as ^FoocT: jwib, or as 10 : 10.9834: f*mi 
'which the real zero is deduced at 1573° below the freezing 
point of water. I had rfioreover noted, that for 78-| 9 (as the 
abovementioned writer has juftly corrected it) the cxpanfion 
of air was 167 parts, and for the other 78|°, only 158. — 
From thefe data, calculating, as he fays, upon my hypothefis, 
he has deduced two other points for the real zero ; namely, 
1714°, and 1486° : thefe inconfiftent refults, he thinks, tend 
to diferedit, either the hypothefis, or the accuracy of the ex- 
periments. Now he mud give me leave to obferve, that the 
two laft deductions are not derived from my hypothefis, but 
from another totally inconfiftent with it ; namely that the 
mercurial thermometer is an accurate meafure of beat* For* 
upon the hypothefis that the real temperature is as the cubic 

root 
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foot of the aerial fpace, it will be found, that when the mer- • 
curial thermometer llands at 133-§°, a proper equidifferential 
thermometer would ftand at 139° 3. Hence no inconfiftent 
refults can be derived from the above data. 

Before the merits of the hypothecs in queflion can be de-Thc mercurial 
cided, we muli have an inftrdment to meafure equal incre- ^otTcorrea ** 
ments of heat. The mercurial thermometer equally divided meafure of heat, 
is not that meafure. De Luc has fhewn that the true mean 
heat betwent freezing and boiling, is feveral degrees below 
122° per feale. Even Dr. Crawford, who has manifefted 
more defire than any other perfon to find the mercurial ther : 
mometer an accurate meafure of heat, has concluded from a 
variety of experiments, all of which prove that mercury ex- 
pands more in the higher than in the lower part of the feale, 
that the thermometer is nearly accurate only. Now it has 
been (hewn, that elaftic fluids obferve a general law of ex- 
panfion, whether by heat or diminifhed prefiure. Why 
fhould not liquids do the fame ? — I expect to be able in a Expectation 
fhort time to deinonftrate that water and mercury agree in 
one and the fame law or rate of expanfion from the two obferve tfwfaine 
points at which they freeze and boil refpe&ively : and yet l aw °f «P*n- 
thefe two liquids are apparently the moil diTcordant in this fion * 
refpeCt. It would certainly be a moft extraordinary anomaly, 
and inconfiftent with the fimplicity of the other laws of nature, 
if mercury alone fhould be excepted from a common law by 
'which air other liquids expand, not uniformly, but increaf- 
ingly, with equal increments of heat. The truth is, I be- 
lieve, that the fame quantity of heat which raifes the mer- 
curial thermoter 2° at the freezing point (of water), will 
raife it about 3° at the boiling point* A mercurial thermo- 
meter graduated according to the hypothefis I have fug- 
gefted, that the increments of heat are as the increments of 
the cube roots of the manometrical fpaces, (in which cafe it 
no where differs more than 7* from the common equal gra- 
duation for 1 80) does, I apprehend, in all cafes, indicate the 
true mean temperature, when hot and cold waters are mixed 
together ; at leaft, I have not been able as yet to find any de- 
viation. 

With refpefi to the difcordance, exhibited by Seguiu, in Seguin’s deter* 
the refults of experiments to determine the real zero, it may ™ , ” o * tioa 
Irife from aa error in the theory, or from errors in the expe* 

D 2 rimenta 
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riments. I am inclined to a&ribe it to the latter. The fim- 
plicity of the doQrine of heat, maintained by Drs. Irvine and 
Crawford, is to me fo (takingly apparent, when contrafted 
with the now prevailing, but, I think, unfounded diftip&ions 
of combined and uncombined , or free caloric, that I fhould be 
very unwilling to difcard it ; but upon clear proof of its being 
incompatible with the phenomena. 

I am your obliged friend, 

J. DALTON. 


VIII. 


Memoir containing the Phyfical and Chemical Examination of 
the Teeth. By Cit. Josses, of Rennes *. 

The bones long A.MONG Ihofe animal matters which have been analy fed 
analyfed 3 w it|| the mod attention, the bones may be fele&ed. Fora 
long time, they were believed to be formed of earthy fub- 
flances, the particles of which were conne&ed by a peculiar 
gluten ; at prefent it is ascertained, that they are a true faline 
concretion, known by the name of phofphate of lime, mixed 
with a certain quantity of gelatine. The experiments made 
to prove this have been fo often repeated, particularly in the 
extradlion of phofphorus, and are fo well known, that they 
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cannot now be called in quell ion. 

But though there be no longer any doubt as to the offeous 
fubftance, the fame cannot be faid of the covering which 
cloaths the furface of the expofed part of the teeth. This 
covering, conftantly confounded in the general clafs ol bones, 
feem* never to have undergone a thorough examination, alone, 
fc- an accurate decompofition. All the authors who have 
treated of this fubjeft, appearing to have done it too inatten- 
tively, have committed errors, which it is eflential to correct. 
Though u has been fuppofed, that this covering was formed 
of materials analogous to the odeous part, to which it adheres, 
k is never thelefs true, that it differs from it effentially, in its 
phyfical and chemical qualities, and that it polfelfes peculiar 
properties, as maj be eafily (hewn. 

The intentidn of this work is, therefore, to afeertain the 
compofilion of this covering, to fhew its phyfical and che% 

* Annalcs de Chcmie, xliii. 2. . 
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mical characters, and to point out the error of confidering it 
as a common offeous body, having no other difference but the • 
denfity anting from the compaftnefs of its conftituent parts. 

I fliall firfl concifely point out the phyiical characters of the Phyficaf charac- 
enamel of the teeth, and then proceed to the chemical invef- teak. 

tigation. This analytis mutt more fully elucidate the phyfio- 
logical inferences I fliall then offer, to prove that nature has 
afligned particular functions to this fubftance, winch differs 
abfolutely from the bones. 

When examined on the furface of the teeth, the enamel is 
white, fmooth, poliflied, tranfparent, very brittle, and of f ra & ure . 
extreme hardnefs : its fraCture fliews a very diftinCt regular 
chryftallizalion, formed of an aflemblage of fmall brilliant 
cryftals, very compaCt, and inclining to the fhape of needles. 

On all the furfaces which it covers, as well as in the interior 
of certain teeth where it is found, it is difpofed in radii, a 
little oblique and horizontal, almoft perpendicular to the body 
of the bone, forming at the point of contaCt with it two 
angles, the upper one re-entering and acute, the other infe- 
ferior, re-entering and obtufe. This fubftance is found in 
this manner, in all animated beings which have teeth. 

From this fliort lketch of the phyftcal characters of the to charafters 
teeth, it will be feen, that it is impoflible to avoid concluding, 
that the enamel is very different from the offeous body to teeth, 
which it adheres ; for which reafon 1 have often propofed to 
myfelf, to make a fcrupulous examination of it. A favour- 
able circumftance offered itfelf, and furnifhed me with an 
opportunity of making the experiments I had long intended : 
an opportunity which I fliould not eafily have found any 
where but at Paris. Before recounting the means I have 
employed, I ought to fay that thefe experiments have been 
performed in the laboratory of the medical fehool. 

The analogy of the work I vvifhed' to undertake, with the 
interefting refearches on animal fubftances, which continually 
occupy the profeflbrs of chemiftry of the medical fehool ; the 
flattering approbation and eagernefs exprefl’ed by profeifor 
Deyeux , in aflifting me with his advice ; the zeal manifefted 
by the pupils of this laboratory, to whom the care of per- 
forming the operations is confided : in fliort, a multitude of 
facilities left me no doubt that my hopes would be crowned 
with fuccefs, 

One 
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One of the firft things to be attended to, was to prooure 
* the enamel pure : this operation was not without difficulty as 
will be eafily conceived, from the clofe adherence which this 
fubftance preferves with the ofleous body, from the time (he 
germ of the tooth is developed aod has pafled through the re- 
gular periods of the formation of the enamel, and of offi/ica- 
tion. Neverthelefs, a fufficient quantity may be difengaged 
from the bony part, by the afliftance of chemical agents, 
which, without producing any effcdfc on the animal, a£t very 
readily on the bone ; fuch are the means which will be point- 
ed out, and which I have employed to perform the expe- 
riments t am about to defcribe. 

Having procured fome human teeth, as well as thofe of 
feveral animals, I expofed them to the aftion of various che- 
mical agents. 

The cnamal j th en fii e( j enamelled furface of fome teeth, with- 

affrrdcd a very _ . r 

flight indication out reaching the ofleous part, \ cauted the filings retiming 

of gelatine. from this operation to be boiled in water, and I fubmitted the 
liquor to the a61ion of tanin. I obtained fo flight a preci- 
pitate, that this operation fearcely (howed the prefence of 
gelatine. On the contrary, the ofleous body, in the fame 
proportions, and by the fame procefs, yielded an abundant 
precipitate. 

f ?* ft,, th*b* Cr ^ expofed whole teeth in water, to a degree of heat fuperior 
but not the enal to that of ebulition, by tneans of Papin’s digefler ; the enamel 
xnel of teeth. preferved its hardnefs and its figure, but the bony part was 
foftened and became friable. • 

The enamel does j n a na ked fire, the enamel does not burn like a bonet; the 
bone. fmell anting from the igneous decompolition of an animal 

• fubftance, is fearcely perceptible; it is not converted into 

charcoal, but is (lightly browned and decrepitates. 

Di (Filiation ex- When carefully (eparated from the body of the bone, and 

tricates fearcely (flfljUed j n , a retort, this fubftance (hews only a faint trace of 

it. animal product ; it does not afford, like the bone, a great 

quantity of phlegm, of oil,- of corbonate of ammoniac, or of 
carbonate hydrogen gas ; and in all its phyfical and chemical 
characters, it prefents differences which keep it diftinct from 
the ofleous body. 

It is foluble in However unfufceptible of change the enamel may appear 
•****• to be, it is neverthelefs foluble in all the acids,' but with re- 

markable differences, which depend on tlieir radicals, their 
3 concentration. 
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concentration, their combined or infeniible caloric, and on 
that caloric which being only interpofed between their con* ^ 
liiluent particles, is the caufe of their various temperature. 

Hence arife varieties in the affinities, which change tiie at* 
tradions, and produce different variations in the refults, of 
which I fhall have occafion to fpeak. 

Having plunged human teeth and t.hofe of feveral animals Nitric add ads 
ipto nitric acid, I obferved that it aded rapidly on the enamel, * c 

and flowly on the bone. The firft was foon entirely diffolved, (lowly on the 
and I could only perceive the ofteops part, which in its turn* bonc ' 
but in a much longer time, difappeared in an excefs of acid. 

When the folution was compleated, I tailed it ; it appeared 

to me flill ftrongly acid, and I found that its tafle differed 

from that of nitric acid. To judge of the nature of this li-The nitric folu- 

quor, I filtered it, and fubmitted it to fume experiments, ph^hol-fc add. 

which ftiqwed that it contained phofphoric acid, difengaged, 9 

without doubt, by the nitric acid. 

Teeth digefted with muriatic acid, gave fi mil ar refults to Muriatic acid, 
the former. 

But the fame effects were not produced when I employed Sulphuric acid 
fulphuric acid : whether concentrated or diluted with water, cMmel^and * 
hot or cold, the effervefcence with the enamel, which I no- more on the 
ticed in the other acids, did not take place with this. It ap-^° nc ' 
peared at firft to refufe ..to diffolve this fubftance, but I foon 
faw it ad on the bony part. In a little time I obferved it 
precipitate a whitifh fait, which I knew to be a true fulphate 
of lime. This folution alfo preferved its acid tafte, of which 
I could not deprive it, notwithftanding the pains I took by 
adding frefh teeth. This acidity was owing to the phofphoric 
acid which had been difengaged. 

The experiments which I have juft 'defcribcd with {he The enamel fc- 
three acids, did not fatisfy me ; th£y had been performed on p JJuric 
teeth furn ilhed with their enamel. The refults were there- 
fore confuted, and it was peceffary to examine them in a 
dired manner. I refolved, therefore, to operate upon the 
enamel perfedly freed from the offeous part : I endeavoured 
to feparate it with a file, but this method appeared too labo- 
rious and too tedious to furnifh me with a fuffici?nt quantity. 

\ had recourfc to the fulphuric acid : the preference I gave to 
it, was pointed out by the Jaft experiment I have noticed 
^bovej which had left me confiderable portions of the enamel 

undiffolved^ 
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undifTolved, and perfectly deprived of the ofleous fubftance. 
This method fucceeded beyond my hopes, by weakening the 
acid a little, which I made warm to haften the effe6t. Thus 
I foon procured detached enamel in fafHcient quantity, amply 
to fupply the experiments I propofed to make, 
appearance. The enamel, feparated ill the manner I have deferibed, 
was wafhed in feveral waters Before it was ufed, by which 
means it was freed from the falphate of lime, attached to 
}ts furface ; it was then dried. Examined then with a magni- 
fying glafs, it (bowed t ran (parent parts, the fra6ture of which, 
when broken, prefented very well-defined ncedle-fhaped cry- 
ftals. This enamel was very hard, and perfectly refembled 
the fragments which I had broken in fplinters, from the upper 
part of a tooth, by ftriking it with a hammer. It only dif- 
fered from it in having a whiter appearance fuperficially, 
owing to the lime having been made more evident. Some 
pieces of this enamel were laid on burning coals ; they decre- 
pitated, and their particles were thrown to a great diftance. 
Ignition left a Other fragments, put into a red-hot crucible, having pro- 
white powder , fame effect,* I pulverized a certain quantity, and 

heated it for fome minutes, in another crucible. This pow- 
der firft loft its very white colour, and became a little grey ; 
but by continuing the fire, it regained its whitenefs : it then 
crumbled eafily between the fingers; its lafte wasalcaline; 
when mixed with water, it was partly diffolved, and the fo- 
lution refembled lime-water, 

whi$h was lime. Another part of this powder triturated with muriate of 
ammonia, foon produced the decompofition of this fait, and 
difeovered the ammonia ; and laftly, the calcined enamel 
was equally foluble in nitric, muriatic, and fulphuric acids, 
without any apparent difference. The folutions, examined 
by different re-agents, correfponded with folutions of lime. 
Though it was evident, from thefe experiments, that lime 
was the bafts of the enamel, yet it remained to be difeovered 
what it was united to, before calcination, 

D'.ftillation of To obtain proofs on this head, I weighed four grammes of 
this enamel, prepared, as I have deferibed, with fulphuric acid ; 

fui4* and, afto* having wafhed them well with a brufh, to remove 

the fmall quantity of fulphate of lime, which was found dur* 
ing the reparation of the ofleous part, and precipitated on it$ 
fiirface, I pulverized them, and proceeded to diftill&tion in $ 

coated 
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coated glafs retort. The fire was urged fo as to bring the 
retort to a red-heat, and after more than an hour, I remarked 
in the neck of it, a white fublimation, very light. This was 
the only produCt I obtained, and notwithflanding my care in 
keeping up the fire, no fluid was condenfed. 

When I judged that the operation was at an end, the ap- a fmall portion 
paratus was diferigaged, and I haftened to examine the fubli- of white f“bli- 
mate formed in the neck of the retort. The quantity was fo ™me^mmonia!* 
fmall, that I had much trouble in cohering it ; it was diffolved 
by nitric acid. I then had reafon to believe that it was lime, 
volatized by the aCtion of the fire ; neverthelefs, as I had been 
(truck with a flight ammoniacal odour, I introduced into the 
neck of the retort, a match moiftened with muriatic acid, and 
I obferved that fome white vapours were quickly formed. 

The refidue of the diftillation was a whitifh powder, vvhofe Re/idue of lime, 
tafte was (lightly cauftic : it was diffolved by water, and more 
readily by acids, and changed tinCture of violets to green. 

Its folutiou, treated with different re-agents, yielded a true 
lime. 

On reflecting upon the products obtained during the opera- Whether the 
tion, I have given an account of, I thought I obferved a kind e j iamel L^ eox " 
of analogy with thofe afforded by oxalate of lime. To fa - 3 atC ° ' mc# 
tisfy myfelf how far this opinion might be well founded, I 
determined to proceed in the analyfis of the enamel, according 
to the method pointed out by Fourcroy and Vauquetin, in the 
interefting work publifhed by them on urinary calculi, in 
which they lhew that the fpecies of concretion called mural 
ftone (pierre murale), is entirely formed of oxalate of lime 
and an animal fubffance. 

I therefore pulverized fome enamel, and boiled a certain Enamel diffolved 
quantity in liquid carbonate of .potafh. The liquor was m P oU ^* 
fcarccly boiling, when I perceived a (lightly pe'netrating 
odour, nearly refcmbling that of ammonia. I then introduced 
into the neck of the matrafs, a paper match, dipped in con- 
centrated nitric acid ; immediately an abundant vapour was Ammoniacal 
formed, fuch as is always feen when ammoniacal gas is brought vapour ’ 
into contact with that difengaged from nitric acid. 

When the ammoniacal odour had ceafed, I withdrew the 
matrafs, and placed it on a fand-bath. After twenty-four 
hours digeftion, I found at the bottom of the matrafs, a white 
precipitate, above which floated a limpid liquor ; it was de- 
canted 
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the alkaline ro- 
tation, in order 
to detedt oxalic 
acid, without 
jtncceiik 


XnameT fepirat- 
cd by the di- 
gefler. 


canted and filtered, and then poured upon a new quantity of 
powdered enamel, and I proceeded as before: at the end of 
a fecond digeflion of twenty-four hours, its tafte did not ap* 
pear tp be any longer alcahne. 

Following the directions of the fame authors, I examined 
the carbonate of potafh in which I had digefted the enamel, 
with acetitc of lead and barytes ; and obtained a very abun-i 
dant white precipitate. Thefe refults, fimilar to thofe ob- 
tained by the above two chemifts, from mural or oxalite cal- 
culi, or calculi of oxalate, gave reafon to fuppofe that the 
oxalic acid being combined with the lime in the enamel of 
the teeth, formed there, alfo, an oxalate of lime. To afeer- 
tain this, I tried to decompofe the two precipitates I have 
mentioned, but all my endeavours on this point were without 
fuccefs *. 

Fearing that the fulphuric acid, which I had ufed in my 
preparatory proceffcs, had altered fome of the component 
parts of the enamel of the teeth, I procured fome by another 
method, and recommenced my operations. Papin's digefter 
juflified my hopes ; it afforded me an eafy method of obtain- 
ing an abundant quantity, completely difengaged from the 
oifeous part, and which had not experienced any change froip 
an acid. The enamel obtained by this new method, and fub- 
milted to the fame experiments, no longer yielded fimilar refults. 

* If my fufpicions had been realifed, it will be perceived, that 
the oxalate of lime being thus difeovered completely formed by 
nature in living animals, and iicceflliry in the organifation of the 
teeth, the oxalic acid would become a finking part of the beau- 
tiful theory of the two learned men whom I have cited. Thi* 
would have afforded a natural explanation of the calculous oxalates 
in the urinary concretions, a§ well as of the oxalic acid fometimes 
ohferved in humours, though their phenomena are always thought; 
to he unufual, and to arife from morbific affeCtions. 

As the formation of the enamel takes place in the firft years of 
life, and necelfarily ceafes after the lafl dentition, it may eafily be 
conceived, that the reflux of the oxalic acid, or the liquid oxalate 
lime, by way of urine, which has fo many points of refemblance 
to ofleous fubftances, muft have given rife to’ the concretion of the 
mural calculi, which are more common in youth than in age, as 
Fourcroy has well obferved in his works. But after much labour, 
] found myfelf compelled to abandon my firft expectations* and tq 
endeavour, by new inveftigation', to difeover tlje truth. 


This 
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This fubftancc diftilled in a retort, did not now emit any The refidue of 
ammoniacal odour, nor did it produce any fluid. The reft due 
of the diftillation was of a grey colour, which became white like porcelain 
by calcination, and by the intenfe heat of the fire it acquired original*^ 
the hardnefs of porcelain ; it no longer had the alcaline tafte, enamel, 
it no longer decompofed muriate of 'ammonia; it no longer 
changed fyrup of violets green, water no longer adted on it ; . * 

it ftiort, the enamel not diftilled and fubmitted to thefe latter 
experiments, alfordcd the fame refults as the reftdue of the 
diftillation : I again placed fome in digeftion with diluted ful- 
phuric acid, for the pui pofe of treating it like tjie offeoqs fub- 
ftances from which phofphoric acid is to be feparated, and I It f emed to he 
obtained limilar refults ; that is to fay, acid phofphate of lime P hof P hjtof Ume * 
in folution in the liquor, with fulphate of iime, and fragments y 
of the enamel not decompofed. Thefe are the faits whofe 
prefence has been afcerlained from examinations by the ufual 
methods. 

From the great difference of thefe refults obtained in both The enamel 
methods of treating the enamel of the teeth, it will be feen fu^plTacid^is 
that at firft I was led into an error by the effect of the ful- not pure, 
phuric acid, which, in the preliminary preparation left eon- 
fiderable portions of enamel, whole phyftcal characters caufed 
me to believe them unchanged. 

I have thought it ufeful for the intereft of feience, to make 
known thefe furprifing differences, they may be advantageoufly 
applied in the medical art, and aftift in explaining the pheno- 
mena, as I had occafton to point out clfe where. 


IX. 


A New Method of Clearing ohferved Lunar Difiances of the Lf- 
fefts of Parallax and Ref raftion, for the Pur pope of determining 
the Longitude at Sea or Land. By Mr. J. Andrew. Com- 
municated by the Author . 


Let A, B, C, D, pi. 3. Fig. 3. be four given points on Principle of the 
any fphere, and fo conftituted that they ftiail all lie on the fame dcmon “ 
imaginary plane; and let the fphere be fuppofed to be cut fo 
by this plane, that the lines AB, BC, CD, DA, and BD, 
joining the given points, may be all of them right lines, or 
chords of great circles which may be fuppofed to have patted 

through 
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through thofe points before the cutting of the fphcre. Farther, 
let the chord AB be parallel to the chord DU, and lince the 
tour points A, B, C, D, lie in the fedlion of a fphere, that is, 
in the circumference of the fame circle, the chord AD will be 
equal to the chord BC, and the diagonal BD to the diagonal 
AC. t For the fame reafon (becaule ABCD is a quadrilateral 
figure infcribed in a circle) the rectangle under the diagonals 
BD and AC is equal to the fum of the rectangles under the 
Oppofne fines AD, BC, and AB, DC ; or, becaufe BD and 
AC are equal, as aifo AD and BC, the fquaie ol BD h equal 
to the fquare of BC, together with the rectangle under AB 
and DC. 

Now let the point B reprefent the moon's apparent place, 
and D the apparent place of the fun or a (tar, and let the chords 
AB and DC be parallel to the horizon ; then is BD the chord 
of the arc of the apparent diftance, and AD or BC are the 
chords of the arcs of azimuth circles palling through the fun 
or a ftar and the moon, intercepted between the parallels of 
apparent altitude ; or in other words, AD or BC is the chord 
of the difference of altitude. The length of the chord AB is 
to that of DC in the ratio of the cofine of the altitude of the 
objedt at B to the cofine of the altitude of the object at D, 
and the rediangle under the chords AB and DC will be to the 
redbmgle under any two alfumcd chords parallel to AB and 
DC, and terminated by the fame azimuth circles which pafs 
through the points B and D, as the rectangle under the cofines 
of the altitudes of the points b and D is to the redtangle under 
the colines of the altitudes of the two affumed chords. And 
fince BD and BC are had by obfervation, the rediangle under 
AB and DC is alfo known, being equal to BD Z — BC 1 , «or 
to BD + BC x BD — BUT 

Make h the moon’s true place, fituated fome where in the 
fame azimuth circle that palled through B, and d the fun or 
(tar's true place, fituated in the fame azimuth circle that palled 
through D ; and analagous to A B C D draw the quadrilateral 
Figure abed, which will have all the properties of the former, 
and ad ox be will be the chord of the arc of the difference oF 
the true altitudes, and b d the chord of the arc of the true 
diftance. And it has been already fhewn, that the redtangle 
under the cofines of the apparent altitudes is to the rediangle 
un<|er the cofines of the true altitudes, as AB x DC is to 

ab 
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a b x dc, wherefore the rectangle under ah and dc being found, 
and added to the fquare of b c or a d, which is fuppofed to be 
known, the fum will be equal to the fquare of b d, the chord 
of the true difiance, which may confequently be determined. Theorems for 

If the half chords, or fines of half the arcs be ufed inltead clearing the 
of the chords of the whole arcs, the true difiance will, from the 
foregoing principles, be obtained by the following theorems, refraftion. 

I. Sine* pPP-^-^k® or * j _ fi ne * ^iff. app. alt. $ & Q or __ ^ 

2 Cos. true alt. ^ Co*. Q or #, s true alt. ^ q 

Cos. ©\ app. alt. Cos. O or *'sapp. alt. 

3. Sine* ( diff. truo nit, ft & Qor» j + q = fine . £ fe 0 or» j 

If a table of chords, or of natural fines of the 2d power. Tables ncceflary. 
were conftruded, the fquare numbers eorrefponding to certain 
given arches, and converfely, the arches eorrefponding to cer- 
tain given fquare numbers, to be employed in the folution of 
the above theorems, might be had without farther trouble, by 
infpedion. ‘A fecond table might alfo be confiruded fo as to 
fit the 2 d theorem, and fimplify the calculation for finding q, 
buj this happens to have been already done, as Table IX, 
with the ftiort, additional, corredive Tables X. and XI. in the 
3 J edition of the requifite tables fully anfwer this purpofe, by 
readily furnilhing a logarithm, which added to that of Q gives 
the logarithm of q. The nature of thefe tables is explained 
near the end of that work. 

The method now propofed of folving the problem of the Advantages of 
longitude, fo far as a folution depends on finding the true dif- the mctlftod * 
tance between the moon and the fun, or any given fixed fiar, 
hasieveral advantages, it is conceived, over the common me- 
thods, as the anfwer will in every.pofliblo cafe, be determi- 
nate; the diverfe affedions of the tides of the fpherical tri- 
angles commonly ufed never occationing in this way any cm- 
baraflment to the operator, and as there never happens any 
change of figns from + to — , or from — to +, in any part 
of the calculation, it is plain the operation rauft always be clear 
of ambiguity. It will alfo be found pn trial, that the nature 
of the numbers employed in this mode of calculation tends 
very much to preclude fma|l errors, or to render their effeds 
infenfible. A table of logarithms of natural numbers, a table 
of the fquares of chords, and Table IX, with its corredions 

from 
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from the requifite tables, are all the tables neceffary (after 
having found the moon and the Tun or flars true altitude) ac- 
cording to the new method, for finding the ttue diftance re- 
quired. And as they require to be opened Only about (even 
times, the whole operation might be ealily performed in about 
five minutes ; and if carefally done, the anfwer will not vary 
one fecond of a degree from the truth. 

EXAMPLES. 

Examples* 1 . Given the apparent altitude of the moon’s center, $5° 49.57^ 
and the true altitude 36° 33' 9" ; the apparent altitude of 
the fun’s center 28 u 49' .54", and true altitude 28° 48' 19'', 
and the apparent diftance of their centers 95° 31' 2" req 4 
the true diftance. 


App. Alt. Log. Cofines. True Alt. 


Log. Colines. 


H 35 49 57 - 9.9088773 $ 36* 33 9 - 9.9048840 

0 28 19 54 - 9.94252 M O 28 48 19 - 9.9426341 

2) 7 0 3 1 9. S3 1 40 1 4 2) 7 44 50 + ~19.8475’lTl 

3 30 l| Nat. tine* 0037278 3 52 25 - 19.8511044 

| App. dift. 47 45 31 Nat. fine* 5 4-80725 - 0.0038833 

Difference 5443447 Log. + 9.7358740 

5394990 = 9.7319907 

A DifF. true alt. 3 52 25 N. S. a 0015638 

A True dift. 47 31 40 N. S.* 5440628 
2 

95 3 20 = True diftance. 


2d. Example from the Requifite Tables, page 38, 3d Edition, 

App. alt. * 1°1 17 , /# True alt. * l°i 12 2 1 

J* 9 38 Ho. Par. 54 42 - - ® 10 26 28 

2) 1 39 2) 0 4 5 53 

0 49 30 N. S. 0142530 0 22 56| L. S. 7. 82 4347 S 

i App. dift. 21 47 51 N. S. 3713273 2 

Log. 9.5861 148 = 3855803 = S. 0000445 = 5.6486956 
Log. 9.5527587 = 3570743 = D. 1373746 
Tab. IX. Log. 9.9990330 1374191 = 19.1380470 


19.1379065 = 1373746 2145 31,8 = 9.5690235 

2 

43 31 2| = True diftance 
3. Example 
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3. Example from the Requiffte Tables, page 41 & 4$, 3d Edition, ad fin * 

App. alt. * 24 48 o „ True alt. * 24 45 57 

— — Jjfr 12 30 Ho. Par. 56 15 13 20 42 

2) 12 18 2) 11 25 15 

6" 9 Nat. fine 1071318 5 42 37f L. S. 8.9978259 

| App. dift. 25 44 17 £- — 4342618 2 

Log. 9.7335131 = 5413936 = S. 0099004 = 7.9956518 

Log. 9.5147204 = 3271300 = D. 1765564 

Tab. IX. Log. 9.9986500 1864568 =s 19.2705783 

19.2468835 = 1765564 Sine 25 3456 =z ~9. 6352891 

True diftance = ~51 9 52 

4. July 6th, 1790, at 9 h 13' 15" A. M. apparent time, the apparent alti- 
tudes and diftance of the fun and moon's centers were obferved as 
follows: Moon's alt. 25° 29' 11", Sun's alt. 1 5° 54' 5" diftance 
66° 19' 32", Moon's Ho. Par. 54' 35'' reg d the true diftance. 

App. alt. 3® 25 29 1 1 True alt. Jj} 26 16 28 

Q 15 54 5 © 15 50 55 

Difference 9 35 6 Tab. II. 0069802 10 25 33 Tab. II. 0082550 

App. dift. 66 19 32 Tab. II. 2992304 2903825 

Log. 9.4657548 = 2922502 T. dill. 66 15 4 Tab. II. 2936375 
Tab. IX. Log. 9. 9972157 

9.4629705 = 29038C5 

Note.— In the three firft examples the contputation is car- 
ried on by the help of the: tables that are in common ufe, but 
in tjps laft example, by referring to the propofed table of the 
fquares of chords, under the title of* Table II. fome idea may 
be had of the labour required in the more improved method of 
computation. There is nothing farther to add than that, if 
after the many modern improvements in the way of clearing 
the obferved lunar diftances of the cffelL of parallax and refrac- 
tion, the prefent mode ftiould be thought of utility, and worthy 
of adoption, the neceffary tables,, or at leak that part which 
is new, will be publifhed in a feparate o&avo volume# 


Anali/fit 



ON THE fHOFOUs OR MASTIC OF fiE&S. 


4 * 


Propolis or bee 
mamc* 


Its general pro- 
perties and ap- 
plication# 


Analytic : 
Solution in al- 
cohol: 
'filtration# 


X. 

Analyfut qf the Propolis or Maftic of Bees.* By C*tf< 
Vauquelin. 

The propolis is well known to be, the firfl matter colle&ed 
by the bees of a fwarm, newly placed in a hive. This fub- 
(lance is regnou's, duCtile, adorant and of a reddifh brown 
colour, more or lefs deep. 

The propolis adheres fo ftrongly to the legs and feet of the 
bee, which has collected it, that it is not able to free itfelf from 
it. Other working bees, to whom this bee feems to prefen t 
its legs, carry off, with their jaws, this tenacious matter, and 
apply it round the infide of the hive, particularly over all the 
projections : hence this name of propolis, which fignifies in 
the Greek before the city. 

This propolis is at firft fofl and very extenfible; but it 
hardens, and at laft becomes very folid. It is not yet known 
from what part of plants it is extracted : it is believed that it 
comes from that fpecies of gum-refin which coats and defends 
moll of the buds of trees and thrubs from wet. By continu- 
ing this work withinfide the hive, all the foreign bodies, which 
are introduced into the common habitation and are too heavy 
to be removed to the outfide, are covered over with this mat- 
ter, and thus put out of the boundary. 

The following are the obfervations made by Cit. Vauquelin 
on this fubjeCt, and which he has inferted in a report made to 
the Society of Agriculture; in concert with Cit. Lafteyrie. 

In the mafs it is blackifli ; but it is femitranfparent when in 
thin plates. The heat of the fingers is fufficient to foften it 
and give it all the rluClility of wax : but it is more ropy and 
tenacious. Like wax it may be kneaded between the teeth, 
without any perceptible tafle. Its odour is aromatic, refem- 
bling that of raelilot, of balfam of Peru, or of the Banana 
poplar. 

One hundred grammes of this fubftance were digefled, for 
twenty-four hours, in very pure alcohol. The liquor acquired 
a deep red tint : and was thus filtered. Freth fpirit of wine 
was put to the refidue, and left to digeft again in the cold 
during twenty-four hours. As it had gained but little colour. 


* Abridged in the Bulletin de la Societe Philomathique, from 
the Memoirs of the Society of Agriculture of the Department of 
the Seine. 
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ft third quantity of alcohol wa9 added to the marc, then boiled, 
for a few minutes : and filtered quite hot. Six portions of al- 
cohol were fuccefiively added to the marc and boiled : finally 
to deprive it of the fat matters it retained from fragments of 
bees, as well as feme vegetable fubftances and grains of fand, 
boiling fulphuric ether was poured on it, and the mafs was 
preffed through a fine (trainer. The refidue dried, weighed 
1 4 grammes. 

To obtain the fubftance which had been diffolved by the Precipitate by 
alcohol, the whole quantity that had been employed in the •* 
different wafhings was collected, and paffed through a fine 
(trainer, which (topped all the matter precipitated by the cold. 

This refidue was wrapped in unfized paper and preffed; when 
dried and melted, it weighed 1+ grammes. 

All the alcohol was then diftilled and reduced to three- DIftjllatlon gave 
fourths of its quantity. The liquor which came over had an Three^fourths* 
aromatic odour ; but it did not render water turbid, nor was which remain- 

it acid. What remained in the retort was of a deeper colour. ed ltl the retort 
r . . . gave a refinoua 

Its precipitate by water was ropy like the relins which areob- precipitate by 

tained by the fame means. By diluting this liquor with water Watcr * 
and boiling it, a refiniform mafs was obtained on cooling, of a 
red brown colour, femi-tranfparent and very brittle, which 
weighed 57 grammes. The water in which this matter had 
been diffolved, contained an acid. 

This refinous mafs, or pure psopolis melts readily on the Properties of 
fire: it yields by diftillation a volatile oil, whife and of a very the refin. 
agreeable fmell. The fixed part then acquires a deeper colour 
and becomes harder: it is foluble in fixed and volatile oils. 

It is a true refin, very fimilar to balfam of Peru, of which it 
contains the acid. 

The 14 grammes of precipitate produced by cooling, were The firft pre- 
true wax, poffefiing all its properties. It remains to be known ci P itale was 
whether this wax is a&ually mixed with the propolis by the wax * 
bees ; or whether, in collecting the latter with too little care 
the wax is not united to the refin. * 


Pure wax - 

grammes. 

- 14 

Component 

Pure refin of propolis - 

57 

parts. 

Refid mini of extraneous bodies 

14 


Lofs ; acid ; aroma. 

15 
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ON CUTANEQUS AERIFORM TRANSPIRATION. 


XI. 

Memoir on the cutaneous aeriform Trarfpiration. Read at the 
public Sitting of the Society of Health , at Grenoble , the 4f/i 
Frimaire , in the year 11. By Cit. Troussbt, M. D. etc.* 

Introductory JT HYSICIANS have in all ages endeavoured to afeertain 

ervauoni. influence of the air on the human body ; but how it is to 

be conceived that the ancients, who were not even acquainted 
with the gravity of that fluid, fhould be able to determine its 
aftion ? For the fame reafon, if we except Hippocrates, who 
in his work fays plainly that the air is digefted in the lungs, 
like the food in the ftomach, his cotemporaries and their fuc- 
ceflfors have only left behind them, on this fubjeft, incoherent 
fancies, often ridiculous, and always wrong; the offspring of 
imaginations undiredted by any certain experience. 

If it were my intention to confider the influence of the air, 
in all its relations, 1 fliould firft attend to refpiration, a function 
of fuch importance, that without it life could not be fuftained, 
while alone it would require fome time for its difeuflion. 

But modern chemifts, after having made an accurate analy- 
fis of atmofpheric air, have formed a theory of refpiration, fo 
ingenious, fo complete, and founded on fuch exadt experiments, 
that every effort which has.hitherto been made to overturn it 
has only ferved to render it more folid. 

I could, then, only repeat here what has been already faid 
by Lavoifler, Seguin, Crawford, Fourcroy, Chaptal, &c. for 
this fubjedt has been fo well elucidated by the labours of thefe 
celebrated chemifts, that it may be faid to be exhaufted ; and 
their doctrine, on this topic, has been fo diffeminated, that, at 
prefent, it is known and adopted by all who employ themfelves 
in fcientific purfuits ; I (hall, therefore, difpenfe with a repe- 
tition that would be faftidious and ufelefs. 

Whether gas But though the operations of the lungs are very accurately 
functions of the fkin have not been fo diftindlly 
elucidated. Independent of the cutaneous tranfpiration fo 
carefully and diligently obferved by Sandtorius and many others, 
we may enquire whether one or feveral aeriform fluids efcape 


* Annales de Chimie, XLY. 73. 
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by the (kill ? And if fo, what may be their nature ? Thefe are 
the queftions I propofe to examine in the prefent memoir. 

The ancients did not even fufpeft the cutaneous tranfpiration 
of air, and make no mention of it in any of their works. 

The count de Milly (irit announced, in 1777,* the dif- C. de Millyfirft 
co very of an elaftic fluid which pafles off by the fkin. He obfcrved 
aflerts that, being in a warm bath, half a pint might have been 
collected in the fpace of three hours; and from his analyiis, 
which was both inaccurate and very incomplete, he concluded 
that it was fixed air (carbonic acid gas.) 

M. Ingenhouz, fome time afterwards noticed this tranfpi- D. Ingenhouz. 
ration of air by the fkin, but he believed it to be phlogifti- 
cated air. (nitrogen gas.) 

M. M. Prieftley and Fontana repeated the experiments of Prieftley, 
the two preceding philofophers, but could not perceive any * r ° ntan ‘ u 
aeriform emanation from the fkin. 

M. Jurine, furgeon at Geneva, intending to be a competi- jurinc. 
tor for the prize propofed by the Royal Society of Medicine, f 
repeated the experiments of M. M. Milly and Ingenhouz, not 
only on himfelf but on feveral individuals of all ages, ufing 
different kinds of water and varying the temperature; he in- 
forms us that he never difeovered any emanation of air. Pre- 
fuming that the water, by its preflure might have obftru&ed 
the palfage of the air; or that it contracted the exhaling air- 
veflels of the fkin, he continued his inquiries, by varying the 
procefTes before ufed by M. M. Prieftley and Fontana, and he 
thought he had proved by experiments, the inaccuracy of 
which may be eafily fhewn, that a fmall quantity of fixed air 
(carbonic acid gas) is conftantly emitted by the fkin. 

Cit. Fourcroy exprefles himfelf thus “ it is not true, as fome Fourcroy. 
moderns have aiTerted, that elaftic fluids and particularly car- 
bonic acid gas are tranfpired by the fkin'' *. 

Such, a very few years ago, was the ftate of the queftion 
which now engages us. Incorrect experiments, the contra- 
dictory refults of which were difputed either wholly or in part, 

* Memoirs of the Royal Academy of Sciences at Berlin, for 
1777, p. 32. 

•+ See Hiftory and Memoirs of the Society of Medicine, Vol. 

X. p. 54, and fol. r 

,* Fourcroy, Syftem of Chemical Knowledge, Vol. IX. p. 203. 1 

E 2 left 
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Observation of 
gas emitted 
from the fkin in 
„ the bath. 


It was nitrogen. 


Detail of expe- 
riments on this 
gas. 


ON CUTANEOUS AERIFORM TRANSPIRATION. 

left philofophers in uncertainty, and appeared to require new 
oblervations, in order that the opinions of chemifts might be 
finally fettled on this fubjeft. 

I had often meditated on this fubjeft with an intention of en- 
gaging in it, when in the fpring of the year eight, while attend- 
ing one of my patients in the bath, I perceived that he was 
entirely covered with bubbles of air ; the hairs on his body 
were furrounded with bubbles decreafing from the bafe to the 
fummit, fo that many of them prefented the appearance ot 
pyramids more or lefs elevated. I difplaced all thefe bubbles, 
and in half an hour afterwards there appeared an equal quan- 
tity. 

On witneffing this phenomenon, I engaged my patient to 
continue the bath, ami collected fucceffively feveral jars of 
this gas, which 1 examined with much care and at different 
times, I was falisfied that it was perfectly pure nitrogen gas, 
without any mixture of carbonic acid. 

I wifiicd then to know whether this phenomenon was ge- 
neral, or depended on the pathologic ftate of the fubject. 
Experiments made on mylclf and on feveral other individuals 
did not offer any thing fimilar. 

I communicated my experiments and their rcfults to Cil. 
Fourcroy, in the beginning of the,} ear nine, who encouraged 
me to repeat them. Stimulated by the approbation of this ce- 
lebrated profeffor, I undertook th$ talk. It was not enough 
for me, in fact, to be certain of the accuracy of my experi- 
ments, it was alfo ncccflary tp convince others. 

In the fpring of the year nine, having colle&ed a certain 
quantity of this gas with great care, I filled a fmall glafs jar 
10 lines in diameter, and eight inches high, with it; a taper 
was inftantly extinguished in it eleven times fucceffively. 

I endeavoured to decant a fimilar meafure of this gas, but 
could not fucceed, which I could eafily have done had it been 
carbonic acid. 

It was paffed through lime-water without rendering it turbid 
or diminifiiing in volume. 

It underwent no change with ammoniacal gas. 

It did not affe£i blue vegetable colours. 

Phofphorus which had remained immerfed in it for more than 
a month, was fcarccly diminiflied in bulk. 


I judged 
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I judged thefe experiments to be more than fufficient to (how 
that it was nitrogen gas. 

I again tranfmitted the refult of thefe new experiments to 
Cit. Fourcroy, in Fru&idor of the year nine; probably his 
occupations have prevented him from fending me any reply. 

Having fince that period refle&ed much on the importance 
of this difeovery, I have continued to attend to it, but my 
notions arc entirely changed with regard to the confequences 
to be drawn from it. 

Formerly in the letters written to Profeflor Fourcroy, and T he emi/fion of 
cfpecially in the latter, I conlidercd as a particular fa6t, de- confidered as a* 
pendant on the pathologic ftate ; at prefen 1 1 am compelled general phwio- 
to confider it as a general phenomenon belonging to the whole mcnon * 
human fpecies. 

1 ft. Becaufe it is probable that the gas fo abundantly yielded 
by the (kin of M. le Comte dc Milly, was nitrogen gas, as 
inay be feen by an attentive perufal of his memoir. 

2d. M. Ingenhouz, convinced by his own experiments, that 
an aeriform fluid is emitted by the (kin, believed it to be phlo- 
gifticated gas (nitrogen gas.) 

3d. My experiments confirm the fufpicion of M. Ingen- 
houz. 

4th. Some time ago I met with another perfon who tranf- 
pired abundantly in the bath ; the bubbles with which he is 
conflantly covered are not diflolved in the water, it is proba- 
hably nitrogen gas, I acknowledge, however, that I have 
never made any exadt experiment on it. 

5th. The experiments made by M. M. Prieftley, Fontana 
and J urine, which confided in placing open veifels under their 
arm-pits, do not prove any thing in oppofition to what I have 
before advanced, becaufe it is evident* that thefe veflels being 
full of atmofphcric air, it could not be difplaced by nitrogen 
gas, wliofc ipecific gravity is lefs ; while this efte£l would 
have taken place with carbonic acid gas, if, as M. Jurine 
infers from his experiments, that this Taft fluid is conftantly 
difengaged by the (kin. 

Thofe made by M. Jurine, by placing his arm in a glafs cy- 
linder, are not more concluflve, becaufe they were performed 
with a view to prove that it was carbonic acid gas which ef- 
caped, and the proper means were not taken to point oitt the 
prefence and the quantity of nitrogen gas, whofe difengage- 
tpent he did not even fufpeft. 
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The water fup- But why was not this phenomenon, which I believe to be 
g enera I* °hfervecl by M. M. Prieftley, Fontana, Jurine, &c. 
perfrns. and why is it not equally perceptible in all individuals placed 
in the fame circumftances ? It is probable, as I have faid in 
the beginning of this memoir, after M. Jurine, that the water 
a&ing by its weight upon the exhaling air-vefiels of the lkin 
differently upon different fubjefts, may obftruft the pafTage of 
all gafeous bodies in the greateft number of individuals. 

I (hall here conclude this memoir, which I might have cx* 
tended much farther, had I been inclined to difeufs all the 
queftions to which the phenomenon naturally gives birth ; but 
having had no other defign hut to call the attention of natural 
philofophers to the fubjeft, and fatisfied with having began 
the refearch, I leave the completion to more lkilful chemifts. 
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Decree of the French Government relative to the new Organization 
of the National Jnjlitute . 


New organiza- 
tion of the 
French inftitute 


JL HE government of the republic, upon the report of the 
minifler of the interior, having advifed with the counfel of 
' Bate, decree as follows : 

I. The national inftitute at prefent divided into three claffes, 
dial] from henceforth be divided into four ; that is to fay, 

Firfi Clafs . Clafs of phylical and mathematical fciences. 

Second Clafs . Clafs of French language and literature. 

Third Clafs . Clafs of hiftory and foreign literature. 

Fourth Clafs . Clafs of the line arts. 

The a&ual members and foreign aifociates of the inftitute, 
/hall be divided into thefe four claffes. 

A committee of five members of the inftitute, named by 
the Firft Conful, /hall adjuft this divifion, which (hall be fub- 
mitted to the approbation of government. 

II. The firft clafs (hall be formed of the ten fe&ions which 
at prefent compofe the firft clafs of the inftitute, with a new 
fe&ion of geography and navigation! and eight foreign a(To- 
ciates. 
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Mathematical 
Sciences 


l 

;al 1 

J 

“ ( 


The feCtions (hall be compofed and called as follows : 

Geometry - 
Mechanics - 
AAronomy - 

Geography and Navigation - 
General Phyfics - 
^Chemiftry - 
Mineralogy - 

Botany - - - « 

4 Rural Economy and Veterinary Art 6 ditto. 
Anatomy and Zoology 6 ditto. 

Medicine and Surgery 6 ditto. 

The ArA clafs (hail appoint, with the approbation of the 
Fir A Conful, two perpetual fecretaries, one for the mathema- 
tical fciences, the other for the phyAcal l’cicnces. The per- 
petual fecretaries Aiall be members of the clafs, but thali no^ 
form a part of any feCtion. 

The ArA clafs may eleCt Ax of its members from the other 
clafles of the inAitute. 


PhyAcal Sci 
ences - - 


New organist* 

6 members, tion of the 
6 ditto. French inftitu*; 

6 ditto. 

3 ditto. 

6 ditto. 

6 members# 

6 ditto. 

6 ditto. 


It may name an hundred correfpondents feleCtcd from the 
learned men of France and foreign countries, 

III. The fecond clafs Aiall be compofed of forty members. 
It is particularly charged with the compofition of the 
dictionary of the French language. It Aiall examine with 
refpeCt to language, the important works of literature, hiAory 
and the fciences. The collection of its critical obfervations 


Aiall be publiAied at leaA, four times in a year. 

It Aiall name from its own body, and with the approbation 
of the FirA Conful, a perpetual Secretary, who Aiall continue 
to be of the number of the forty members which compofe it. 

It may eleCt twelve of its members from the other claAes of 
the inAitute. 

IV. The third clafs fhall be compTofed of forty members and 
eight foreign affociates. 

The objeCls of its researches and labours Aiall be learned 
languages; antiquities and monuments; hiAory and all the 
moral and political fciences connected with hiftory. It Aiall 
particularly apply itfelf to the enriching of French literature 
with the works of Greek, Latin and Oriental authors, which 
have not yet been tranAated. 

It Aiall employ itfelf in the continuation of diplomatic col* 

factions. 


It 
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New organize- Jt (hall name from its own body, under the approbation of 
French inftitute* ^ ir ^ Conful, a perpetual Secretary* who (hall be of the 

number of the forty members which compofe the clafs. 

It may elcdt nine of its members from the other clafTes of 
£he*inftitute. 

It may name fixty correfpondents, natives or foreigners* 

V. The fourth clafs (hall be compofed of twenty-eight 
members and eight foreign afiociates. 

They (hall be divided into fedtions, defcribed and formed as 
follows : 

Painting ----- 10 members. 

Sculpture ----- 6* ditto, 

iirchitedhire - - - - 6 ditto. 

Engraving ----- 3 ditto, 

Mufic (compofition) 3 ditto. 

It (hall appoint, with the approbation of the Firft Conful, 
a perpetual fccretary, who (hall be a member of the clals, but 
lliall not be a part of a lection. 

It may eledi fix of its members from the other dalles of the 
inftitute. 

If may name thirty-fix rorrefpondents, national or foreign. 

VI. The foreign afiociated members (hall have a delibera- 
tive voice only on fubjedts of fcience, literature and the arts ; 
they dial! not form part of any fediion, nor interfere in any 
ufage. 

VII. The prefent adtual national aflociates of the inftitute 
(hall form part of the one hundred and ninety-fix correfpon- 
dents attached to the dalles of the fciences, belles kttres , and 
fine arts. 

Correspondents may not aflume the title of members of the 
inftitute. 

They (hall Iofe that of correfpondent when they (hall be 
domiciliated at Paris, 

VIII. Nominations to vacant places (hall be made by each 
clafs in which the vacancy happens, the perfons eledted (hall 
be confirmed by the Firft Conful. 

IX. The members of the four dalles (hall enjoy a reciprocal 
right to allift at the particular fittings of each clafs, and may 
deliver ledtures when they are requefted. 

They lliall re-unite four times in a year into one body, to 
communicate their proceedings. 


They 
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They (hall ele& in common the librarian and under librarian New organ) za- 
of the inftitute, as well as aH thofe agents who belong to 
inftitute in common. 

Each clafs (hall prefent for the approbation of the govern- 
ment, the particular ftatutes and regulations of its internal 
police. 

X. Each clafs (hall hold one public fitting every year, at 
which the other three (hall affift. 

XI. The inftitute (hall receive annually from the public trca. 
fury 1 ,500 fr. for each of its non-aflociated members, 6,000 
fr. for each of its perpetual fecretaries ; and for its expence?, 
a fum which (hall be fixed every year, upon the demand of the 
inftitute, and comprifed in the eftimates of the minifter of the 
interior. 

XII. There (hall be an adminiftrative committee for the in- 
ftitute, compofed of five members, two from the firft clafs, 
and one from each of the others, named by their refpeftive 
blades. 

This committee (hall regulate in the general fittings prc- 
fcribed by Art. IX. all that relates to the adminiftration, to the 
general expences of the inftitute, and to the divifion of its 
funds between the four clafTes. 

Each clafs (hall afterwards regulate the application of the 
funds affigned to it for its expences, as well as all that concerns 
the printing and publifhing its memoirs. 

XIII. Every year the clades (hall diftribute prizes, the num- 
ber and value of which (hall be regulalcd as follows : 

The firft clafs, a prize of 3,000 francs. 

The fecond and third clafs, each a prize of 1,500 francs. 

The fourth clafs, grand prizes of painting, fculpture, archi- 
tecture and mufical compofition. T.hofe who (hall have gained 
one of the grand prizes, (hall be fent to Rome, and main- 
tained at the expence of government. 

The above decree was followed by a fecond, appointing 
the members of the different clades, and regulating the days 
of their meeting. 

The fittings of the firft clafs are to be held every Monday ; 
thofe of the fecond clafs every Wednefday ; thole of the third 
every Friday ; and thofe of the fourth every Saturday. 

The fittings are to be held in the lame place, and to laft from 
three o’clock till five. 


4 


The 
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New organic- The firfl fitting of the firft clafs, in Venddmiare ; that of 

French In ftitutc. * cconc ^ * n Nivofe; that of the third, in Germinal $ and 

that of the fourth, in Mefiidor ; are to be public. 

In conformity to thefe decrees, the national inftitute has been 
re-organil’ed. 

The firfl daft, that of pliyfical and mathematical fciences, 
held its frit fitting on Monday the 11 th Pluviofe. 

C. Chaptal was chofen prefiuent; and C. Cuvier, perpe- 
tual f'vretdry of the fefiion of pliyfical fciences; and C. De- 


lambre, lor that of mathematical fciences. 

The committee to propofe regulations are CC. Laplace, 
Monge, and Kourcroy. 

The fitting of the fecond clafs, that of French language and 
literature, was held on Wednefday the 13th. 

Prelident: C. Luc ien Bonaparte. Perpetual fecretary : C. 
Suard. 

Committee, &c. CC. Morallet, Bigot-Preameneu and 
Andrieux. 

The third clafs, that of hiflory and foreign literature, on 
Friday the 15th. 

Prefident; C. Le Brun. Perpetual fecretary: C. Dacier. 

Committee, &c. CC. Pafloret, Dutheil, and Sylveftre de 
Sacy. 

The fourth clafs, that of the fine arts, on Saturday the 16th. 

Prefident; C. Vincent. Perpetual fecretary : C. Labre- 
ton. 

Committee, &c. CC. Vincent, Danon, Dufourny, Gretry 
and Moitte. 


Galvanic Information „ 

Galvanic re- THE Moniteur of the 2d Floreal (April 22,) fays “ the 

Ccarchcs. galvanic fociety continues its labours with zeal and with the 

mod marked fuccefs.” 

*• Cit. Gautherot has performed a fucceffion of experiments 
tending to prove that the developement of ele&ricity is pro- 
portionate to the furfaces. 

“ New difeoveries have been publifhed by Profefior Aldini 
relative to the exiftence of a galvanic atmofphere, and to the 
contradhbility of the heart. 


" Cit. 
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u Cit. Nauches, the prefident, with his co-labourers Bon-* 
net and Pajd-Lafor6t, have fucceeded, by the affiftance of 
two homogeneous metallic conductors, in fubtradiing the elec- 
tric fluid of the brain, and fpinal marrow of an ox, immedi- 
ately after its death, and conveying it to the thighs of a frog, 
where it produced mulcular contraftions. This operation was 
equally fuccefsful upon the palpitating mufcles, and could not 
be prolonged beyond a quarter of an hour after death. The 
fenator Lamartilliere has given an explanation of the difen- 
gagement of mucofity by one of the poles of the pile, and 
has made it appear that depends on a chemical decompo- 
fit ion. 

Cit. Paroiffe took notice that, of the mufcles, the dia- 
phragm preferved its galvanic excitability the longeft. 

Cit. Izaer gave an account of the conftrudtion of a pile, 
difcovered by Cit. Alizeau, in which the roundels, impreg- 
nated with a faline folution, are replaced by moiftened fait, 
and which preferves its power for a month, without being 
cleaned. 

The committee of medical application, confiding of M. M. 
Guillotin, Dudaujon, Petit-Radel, 8cc. have made a number 
of experiments on afphixia produced by ftrangulation. 

g€ The application of galvanifm to the cure of dileafes which 
had been fufpended on account of the unfavourable feafon, is 
to be refumed in a ward which has been appropriated, by the 
minifier of the interior, to that purpofe, in the hofpifal of the 
Ecole de Medicine, and in a laboratory belonging to the fo« 
ciety.” 


Prize QueJHon. 

The Society of Arts and Sciences at Utrecht, has propofed the foU Prize queftion* 
lowing Prize QueJHonfor the Year 1 803. Electricity. 

** What is the true nature of the ele&ric matter ? Is it a 
compound ? What are the chemical changes it undergoes, 
when united with other bodies, and which it produces in thofe 
bodies ?” 

The prize, which is to be adjudged on the firft of Odtober, 

1 803, confifis of 30 ducats ; and the memoirs are to be ad- 
drafted to Dr. Luckman, at Utrecht. 


Hermaphrodite 
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Hermaphrodite Fijh. 

Hermaphrodite In Vol. XXI. of the “ New TranfaSlions of the Royal Aca~ 
demy of Sciences at Stockholm is an account of an eel (gadus 
lota) in which eggs and foft roe were found at the fame time* 
It is by profefTor J. G. Pipping. 


Experiment calculated to prove that the Laws of Galvanifm appear 
to differ from thojb of Electricity. By La grave. Member 
of the Galvanic Society *. 


Suppofed differ- 
ence between 
the elc&ric and 
galvanic fluids. 


Experiments 
with a long con- 
ductor. 


Gdtyfcnlc fliock 
perceived in the 
inoiftencd hand $ 


In die foot, when 
the circuit was 
made with a fe- 
cond dry con- 
ductor. 


The experiments which I fubmit to the public have ap- 
peared to me to differ from the laws of cle&ricity, in this re- 
fpeft, that the galvanic fluid feeks the raoft intimate affinities, 
and that electricity appears to endeavour to efcape at the firlt 
touch. 

My Experiments were as follows : 

I raifed a pile of feventy pair of plates, of copper and 
zinc, pcrfedtly free from oxidation ; I then applied, to the 
zinc end, a condu«6tor fix ells long, which I pafled once round 
my arm, then twice round my body, above my cloaths, from 
whence I condu&cd it round my thigh and my leg, alfo once 
round each, and foeured its lowei extremity to my foot, in a 
bucket of warm water : I wetted my right hand, (the great 
conductor was round my arm, thigh and leg, on the left fide) 
and having brought my fore-finger to the copper end, I ex- 
perienced the moil lively (hock in this hand and arm, but felt 
nothing from the great condu&or of the zinc end. Surprized 
not having had the flighted fenfation from this pole, I repeated 
the experiment with the fame effect; and at firft believed 
that, in this cafe, the galvanic fluid was governed by the laws 
of elcftricity ; that is to fay, that it was difpofed to pafs off 
by the fhorteft way ; but I quickly difeovered another caiflli, 
when, on taking a copper wire, two feet long, in my right 
band, and placing it in contact with the copper pole, 1 felt 
the (hock in the foot immerfed in the bucket of water. I was 
equally aftonifhed at receiving the fliock in my foot, notwith- 


* From the Journal de Phyfique, Ventofe, An. XI. 

withflanding 
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not with (landing the wire was fo repeatedly wound round my 
arm, my body, my thigh, and my leg, without yielding, in 
this long courfe, the flighted effect : I repeated this experi- 
ment with the fame fuccefs; and foon difeovered that the 
(hock I received in my foot, to the exclufion of the other 
points of contadt, was only occafloned by the affinity of the 
water for the galvanic fluid, and becaufe it foftened the epi- 
dermis : but that which convinced me of it, was, that on and in various 
putting drops of water alternately, on the turns of the wire, 
and then bringing that connected with the copper pole in con- conductor, by 
tadl with it, I inftantly felt the (hock at the places where the P ,acin & dr .°P s °* 
drops of water were put, and experienced no fenfation in 
my foot. I repeated this experiment, putting a drop of water 
upon the feveral turns of the wire, and connecting the cop- 
per pole with it : fimilar effects were produced without my 
perceiving the flighted fenfation lower down ; although I had 
neglected to wipe off the moifture occafloned by the dif- 
ferent drops of water. I obferve, in this operation, the rule Conclufions* 
which governs electricity, that is to fay, that it is difpofed to 
give the fpark by the fliorted way ; but, on the other hand, I 
alfo find, that the galvanic fluid is inclined to feck an affinity 
which does not feem to agree with the eledtric fluid ; becaufe, 
we obtain a fpark from the fird contadt, but here, the galvanic 
fluid paffes through a conflderablc fpacc of the mod intimate 
points of contadt, without lofing any of its power, and pro- 
duces no fenfation until it has found an aflinity favourable to 
its difengagement. I felt alfo the mod didindt efledts, on 
taking a wire of great length in one hand, with which I 
touched the pofitive pole, as in the former experiment I made 
a long circuit with it entirely round my room, and having 
brought back the end to my left hand, I put the right in 
contadt, and felt a flmilar ftiock in my right hand, but if I 
took a wirq of two feet in that hand, without being careful 
to wet it as well as the other, I felt nothing. The fluid 
paffed through the long circuit of the wire to reach that 
point which offered the grealcfl affinity; thus I placed a con- 
dudtor at either pole, and uniformly felt the (hock from that pole 
which I touched with my naked and moiflened hand. 

Such were my obfervations on this feries of experiments. 

It will be the greated fatisfaction to me, if they ftiould give 
rife to fuch clear opinions as may tend to the good of humanity 
and to the progrefs of the arts and fciences. 

Galvanic % 
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f> Svante pile 
formed of muf- 
cle and brain 
ivith cloth 
Snterpofed. 


f T al fubftituted 
loi Juh. 


Galvanic Experiment*, tending to afeertain the Exijlence qf Ttvd 
Fluids in the Animal Economy, the one pofitive and the other 
negative, which, by their Union, appear to produce the Agency 
of Vitality, by La Grave, Member qf tJte Galvanic Society *« 

BEING defirous of fatisfying myfelf concerning the pheno- 
mena which are exhibited in the experiments made on frogs, 
by bringing part of each of their thighs in contact upon the 
cervical nerves, and perfuaded that this fadfc could only pro- 
ceed from the concurrence of two fluids, the one pofitive and 
the other negative, as we find it in the pile of Volta, I felt 
inclined to form a pile, compofed of the nervous and mufcular 
parts alternately. With this view, I procured a body, and 
prepared and uncovered, as much as poffible, a certain num- 
ber of the pedioral and intercoftal mufcles, which I cut into 
the form of difes ; I then took the brain, not being able in this 
experiment to make ufe of the nervous cords, and cut, as thin 
as I could, the fame number of difes as I had prepared from 
the mufcular parts. Of thefe I raifed a pile to the number of 
fifteen or fixteen couple, placing between the pairs, pieces of 
cloth moiftened in falted water. It was in vain that I endea- 
voured to raife my pile with the pieces of cloth ; the foft parts 
of the brain and their flexibility prevented it. I attempted it 
feveral times, becaufe the experiment appeared to me to be 
curious, but I could not fucceed. Being Hill defirous to over* 
come thefe difficulties, it occurred to me that pieces of leather 
or of hat might fulfil my wi flies, as they poflefsa proper ftiff- 
nets to fupport the foft part of the brain. In fadt, I tried 
both, but thole of hat foon obtained the preference over the 
pieces of leather, becaufe .they have the quality of being po- 
rous, of retaining the moifture better, and of pofleffing a de- 
gree of elafticity, which the leather has not. I then made 
fome frefli preparations of mufcle and brain, and raifed a pile, 
making ufe of difes of hat for feparating them ; but after hav- 
ing raifed my pile to twenty couple, I experienced new diffi- 
culties. The cerebral parts were crufhed and began to efcape 
from the weight of the pile. I need not obferve that I took 
care to examine whether this fmall number of pairs was fuf- 
ficient to produce the tafte. I obtained no effedt from the 




From the Journal de Phyfique, Ventofe, An. XI. 
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twentieth couple: it was neceflary therefore to determine to 
abandon the experiments, or to devife fome other mode. For Other contri- 
this purpofe, I thought of making a layer of final! firing the vanccs * 
length of the pile, tied to the glafs of the infulaterof the pile 
of Volta to fufiain my rounds and my pairs of the flefhy and 
cerebral parts; this idea fticceeded. 1 continued then to 
raife my pile upon thefe new fupports : I was aftoniftied and 
much more impatient to perceive nothing at the thirtieth couple. 

Obftinately bent on f’ucceeding or being convinced that my 
opinion was erroneous I perlifled and continued to heighten 
my pile; I did not perceive the lead offed until I had added 
the fortieth pair. Encouraged by this fuccefs, I redoubled At the fiftieth 
my attention and was thoroughly convinced of the exifience^ perce j vc d 
of the tafte at the fiftieth couple. Neverthelcls I continued and at the fix- 
increnfing the pile to the fixtieth, and the evidence of its tlctil dccl/ivc * 
effeds was moft dec! five. 

Such were my difagreeable but curious experiments. 


ACCOUNT OF NEW BOOKS. 

Tranf aft ions of the American Philofophical Society held at Phila- American phi- 

delphia for promoting Ufeful Knowledge. Vol. V. 1 802, Mophieal trank 
' ~ . adljons. 

p.p. 328. Quarto • 

The contents of this volume are I. Experiments on the 
million of acids, and other liquids, in tiie form of vapour, 
over feveral fubfi.inccs in a hot earthern tube— *11. Experi- 
ments relating to the change of place in different kinds of 
air through feveral interpofing fubflances— III. Experiments 
relating to the abforption of air by water— >1V. MifceJIaneous 
experiments relating to the dodrine of phlogillon — V. Ex- 
periments on the produdion of air by the freezing of water — 

VI. Experiments on air expofed to heat in metallic tubes — 

VII. Some account of the poifonous and injurious honey of 
North America— VIII. On the ephoron leukou, ufually called 
the white fly of Paflaick river — IX. Remarks on certain 
articles found in an Indian tumulus at Cincinnati, and now 
depofited in the mufeum of the American philofophical 
fociety— X. A drawing and defeription of the clupea tyrannus 
and onifeus praeguftator (in the Prefent Number) — XI. A 

defeription 
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defcription of a newly invented globe time-piece-*“XIL A 
defcription of the pendant planetarium— XIII. On the ufe of 
the thermometer in navigation— XIV. Sur les vegetaux, les 
polypes et les infeftes — XV. Memoir on the analyfis of black 
vomit— XVI. Obfervations on the foda, magnefia and lime, 
contained in the water of the ocean ; (hewing that they operate 
advantageoufly there by neutralizing acids, and among others 
the feptic acid, and that fea-water may be rendered fit for 
wafhing cloaths without the aid of foap— XVII. Defcription 
of a (topper for the openings by which the fewers of cities 
receive the water of their drains— XVIII. A memoir on 
animal cotton, or the' infeft fly-carrier (fee Phil. Journal for 
April) — XIX. Note concerning a vegetable found under 
ground— XX. Aftronomical and thcrmometrical obfervations, 
made at the confluence of the Mifliffippi, and Ohio rivers — 
XXI. Aftronomical and thermometrical obfervations made 
on the boundary between the United Stales and his Ca- 
tholic Majefty — XXII. Obfenations on the figure of the 
earth— XXIII. Defcription of feme improvements in the 
common fire-place, accompanied with models offered to the 
confidcration of the American philofophical locicty. Ap- 

pendix, I, An account of a method of preventing the pre- 
mature decay of peach trees. II. Defcription of a method 
of cultivating peach-trccs, with a view to prevent their pre- 
mature decay ; confirmed by the experience of forty-five 
years, in Delaware date and the weftern parts of Penfyl- 
vania. 


The Chemical Pocket Book) or Memoranda Chemica ; arranged 
in a Compendium of Chemijby, By James Parkinson, 
Holborn. The third Edition, with appropriate Tables and 
Accounts of the lateft Difcoveries . 1 803 p. 272. 12 mo. 

THE character of this work is already eftabliflied. In the 
prefent edition the neweft difcoveries are inferted. The 
author has adopted the nomenclature of Chenevix. 
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ARTICLE L 

A Report of the State of His Mujefty's Flock of Fine-wooltd Spa- 
itijk Sheep during the Years 1 800 and 1801 ; with fome Account 
of the Progrejs that has been made towards the IntroduGtion of 
that valuable Breed into thofc Parts of the United Kingdom 
where fine Clothing Wools are grown with Advantage . By the 
Right Hon . Sir Joseph Banks, Bart . P. R, S. fyc . 4 rc*. 

] N the 9th of June, 1800, when his majesty's Spanifti flock State of his mu 
was (horn, it confided of 100 ewes and wethers, which pr S 0 f 
duced as follows : June 9 , 1800 . 

Wool walhed on the ftieeps > back - - 398 lb. 

Lofs in fcowering * 304- 

Amount of fcowered wool * - - - , 294 

Which produced, when forted, prime 2341b. at 5s. per lb. 1 

choice 34, at 3/. >65/. 11/. 

fribbs 26, atl s. 6d. 3 

• From a printed copy with which I was faYoured by Sir Jofeph* 

In our Journal, Vol. IV. p. 289 (061. 1800) the reader will find 
a copy of a project for extending the breed of fine-wooled Spanijb 
Jbeep, no*w in tbe pojjeffion of bis majefiy , into all parts of Great Britain 
•where tbe growth of fine clothing wool is found to be profitable , which 
was alfo drawn up and circulated by the fame gentleman. The pre- 
fent report may be confidered as a fequel to the interefting hiftory* 
and propofal contained in the former paper. W. N« 

Vol. V. — Junk. F Eight 
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STATE OP HIS MAJESTY'S KINE-WOOLED SPANISH SHEEP, 


Mr. Bridge's 
account of the 


Sheep difpofed Eight rams and nine ewes were this year difpofed of, which 
breed, in 1 S 00 . were ^at cou ^ be fpared from the flock. Two of the rams 
went into Dorfetfhire, where the breed is much approved by 
fome fkilful judges of fheep, and feems likely to produce con- 
fiderable advantage by crofting with the common fheep of the 
country. 

Mr. Bridge, of Winford Eagle, communicated this year the 
improvedvaTue re ^ u ^ an experiment he had made on three kinds of fheep, 
of flieep and their viz. Dorfet, half Spanifli and half Dorfet, and half Spanifh 

He kept thefe fheep from the year 1798, when they were 
lambed, till February 1 800, when they were butchered as fat 
flieep; and having valued them in June 1798, he found the 
carcafes of each fort, with two years wool which had been 
(horn from them, to yield at that time the following increafe 
in value : 

Real Dorfet M. 5s . 6d . 

Half Spanifli half Dorfet - - 4 3 8 

Half Spanifh half Mendip - - 3 19 2 

In thefe experiments Mr. Bridge's woolftapler values the Dor- 
fet wool at 1.9. 2 \d. a pound, and the half Spanifli wool at 
Is. 4d§. only ; but as the Spanifli crofs in both cafes increafed 
the quantity of wool, and as half Spanifli wool has never, 
when its value was properly known, been fold for lefs than 
1.9. 9d . and generally more than 2s. a pound, there can be no 
doubt that the improvement in value, arifing from the crofs, 
is in both cafes confiderable. 

Mr. J. Ridgway, of Upperton, in the parifli of Yazor in 
Herefordfliire, communicated an experiment, in which two 
flieep, the one a Ryeland, and the other half Spanifli and half 
Ryeland, of equal weights, were fed by him together; the 
half Spanifli fheep produced in a year 2 lb. 12ozs. more wool 
and 5 lb. more mutton than the Ryelander. This gentleman, 
whom his majefty gracioufly permitted to have rams from the 
Spanifh flock fome years ago, has alfo fhewn by his accounts 
that the wool of his flock of about 1G fcore flieep, has beenfo 
much increafed both in quantity and in value by the Spanifli 
crofs, as to have produced nearly twice as much money for 
each clip after the Spanifli blood was eflablifhed in it, as it 
ufually did before. 


Mr. Ridgway's 
flatement of 
fimilar refults. 


In 
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In June 1801, the Spani(h flock confided of 108 ewes and His majefty’s 

wethers Spani(h flock » 

wetners ' , , June x 8 oi. 

Which produced in wool, wafhed on the (beeps’ back 3971b. 

Lots in fcowering - - - - - - 112 

Amount of fcowered wool - 285 

Which produced, when forted, prime, 2371b. at 51. Sd.pertos. 1 

choice, 31 , at 3 s. 64. > 72 /. 1 *. 9 <f. 

ftibbs, 17, at is. 9 d. J 

The wool of the rams and fatting wethers which had been 
kept feparate, was prepared for fale at the fame time, and 
produced in 

Wool waflied on the fheeps’ back - - 220 lb. 

Lofs in fcowering 82 

Amount of fcowered wool - - - 138 

Which produced, when forted, prime, 96lb. at 5s. per lb. 1 

choice, 30, at3r. 64, >-30/. 6r. 

fribbs, 12, at 1/. 94. j 

This year, eight rams and twenty-two ewes were fold. Ifsheepdifpofed 
the foot rot had not unfortunately damaged the rams very ma " ^g d extcnd ^ 
terially, more of them would have been difpofed of. It is, 
however, obfervable, that although the rams that arc kept at 
Windfor, in rich land are occafionally attacked by this ha- 
raffing difeafe, the ewes and wethers that feed on the dry and 
hilly paftures of Oatlands have never been fubjeft to Iamenefs 
of any kind. 

Eleven w ethers that had been fent to the marfhes, in order Account of the 
to try the efledt of rich paflure in fattening (beep of this breed, 
were (laughtered this year by Mr. King of Newgate Market, wethers* 
previous to the Smithfield meeting, which ulually takes place 
the week before Chriftmas. Two of the carcafes were given 
to perfons who had been ufeful in afeertaining the value of the 
Spanifh breed ; the remaining nine were fold to Mr. Giblet, 
butcher, in Bond Street, whofe judgment in fele&ing, and 
liberality in purchafing the bed carcafes, is well known, both 
to thofe of whom he buys, and to thofe who buy of him. The 
fale Jbill is as follows : 


1 (beep, 6 Gone 6lb. at 6s. per (lone 


1 ditto. 

7 

0 

6s. - 

- 

2 

2 0 

1 ditto. 

6 

1 

* 

1 

£ 

- 

1 

16 9 

1 ditto. 

7, 

2 

6s . - 

- 

2 

3 6 

1 ditto. 

5 

6 

6s. - 

m 

1 

14. 6 






9 

17 3 




F 2 



1 fheep, 



£g STATE OF HIS MAJESTY'S FINE-WOOLED SPANISH SHEEP* 

£• *• 

Brought over , 9 17 3 

I (beep, 5 ftone 2 lb. at 6s. per Hone - 1116 

1 ditto, 5 7 6s. - - - 115 3 

1 ditto, 5 4* 6s. - - - 1 13 0 

1 ditto, 6 2 6.?. - - - 1 17 6 

11 heads and plucks, at Is. - - - QUO 

10 ftone 4- lb. fat, at 35. lOd. - - - 2 3 0 

1 9 3 6 

Refpcdting the goodnefs of the mutton, enquiry muft be made 
of Mr. Giblet, at whofe fliop the carcafes were (hewn for fc- 
veral days, and of his cuftomers who purchafcd the joints. 
Experience has, however, demonftrated already, both at 
Windfor and at Weybridge, that Spanith mutton is of the bcft 
quality for a gentleman’s table. 

Sale of their pelt The pelt wool of thefe 1 1 (hecp was taken off, in order that 
wo °k its value might be afccrtained. 

It weighed in the yoke 36 lb. 

Lofs in fcowering - 8 

Amount of fcowered wool 23 

It was fold as (kin wool for 4*. 6d . a pound, and of courfe 
produced 5L 19.s. or 10s. a (beep, all expences deducted. 
The amount of this profit was quite unexpedted, and holds 
forth a fource of advantage in this breed, that has not probably 
hitherto been calculated upon. 

The commend- Of all who have laboured to render his majefty’s patriotic 
Dr! Parryof 8 v ‘ ews * n * m P ort * n g Spanifh flieep permanently ufeful to his 
Bath, in ad- fubjedts, Dr. Parry of Bath deferves the higheft commendation, 
jcfty’s patrbTic* ^midft the labours of a profeffion always toilfomc when fuc- 
*Tiews as to this cefsful, and particularly fo at Bath, where perfons, whofe dif- 
objeft* cafes cannot be afcertained by the faculty elfewhere, conti- 

nually refort, the dodlor found leifure to employ himfelf in the 
improvement of the Britifh fleece, by croffing various breeds 
with Spanilh rams prefented by his majefty to the Marquis of 
Bath, and to the Bath Agricultural Society. 

The prizes the dodtor has continually obtained from the ju- 
dicious and refpedtable body from whom he borrowed rams, 
for cloths made of his own wool, in the midft of a manufac- 
turing country and amongft abundance of able competitors, 
prove to a demonftration, that he has brought the fleeces of 
the mixed breed very nearly to the value of the original Spa* 

nifti* 
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nifli ; nor is this to be wondered at, when we recollect that 
the effeft of a mixture of breeds operates in the following pro- 
portions. 

The firft crofs of a new breed gives to the lamb half of the Rate of amelio* 
ram’s blood, or 50 per cent. by'theSp^ 

The fecond gives - - - - - 75 ditto, crofg. 

The third 87| ditto. 

The fourth ------ 93J ditto. 

At which period it is faid, that if the ewes have been judi- 
cioufly felefted, the difference of wool between the original 
(lock and the mixed breed is fcarcely to be difeerued by the 
mofi able practitioners. 

More need not be faid of the doftor’s merit. His book, 
which every man who wifhes to improve wool ought to read, 
will give a more juft idea of the acutenefs of his diferimination, 
the diligence with which he purfued his purpofe, and the fuc- 
cefs that finally attended his judicious management, than can 
be flated in the brief form of a report like this. 

Much, however, as Dr. Parry deferves the gratitude of all Lord Somer- 
who honour the fleece, Lord Somerville’s merit (lands at lead an/judiciou* 
as eminently confpicuous. Emulating the example of his fo- labours in efta- 
vereign, his lordfhip, whofe juft diferimination of the value of 
different breeds of (lock is admitted by the moft experienced 
agricultures, made a voyage to Portugal, for the foie purpofe 
of fe lofting by his own judgment, from the bell flocks in Spain, 
fuch fhcep as joined in the greateft degree the merit of a good 
carcafe, to the fuperiority in wool which tiie Merino flocks 
are allowed to poffefs. 

His lordtliip fucceeded, and brought home, more than two 
years ago, a flock of the firft quality, which will probably re- 
pay with advantage the cofts of the undertaking, as fome of 
his lordfhip’s rams are faid to have been already fold for 100 
guineas each. 


As ten crops of wool have now been fhorn from his majefty’s His majefty’a 
Span i fli flock, and not a Angle fheep from Spain has been in- Jy tcn^caraex^ 
troduced into it during the whole of the ten years that have perience, that 
produced them, and as the tenth crop afforded nearly five-fixths Spamfh wool 
of prime wool and only one-fourteenth oi fribbs, it is to be ncr ateinthisctt- 
hoped that the deep-rooted prejudice which has for ages de-«'^ e » and that 
ceived the people of England into an opinion that Spanifli wool * # 

degenerates in this climate, will now be dually lodged in that 

' catalogue 
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Caufes of perfec- 
tion in the arts. 


catalogue of vulgar errors, which the increafe of human know- 
ledge daily enlarges. It is to be hoped alfo, that a bold affer- 
tion hazarded here, that the mutton of Spanifh fine-wooled 
fheep is coarfe/ tough, and little better than carrion, will be 
contradicted by the evidence of Mr. Giblet and his cuftomers, 
to the fatisfaCtion of thofe who have unwarily given credit 
to it. 

His majefty having been pleafed to permit the fale of fuch 
fheep as can be fpared from the Spanitli flock to be continued, 
the rams will be delivered at Windfor, and the ewes at Oat- 
lands, in the latter end of Auguft. As, however, it has been 
fuggelted to his majefty that the carcafes of the fheep are evi- 
dently improved, and that the wool has rather gained than loft 
in value, fix guineas will be in future the price of a ram, and 
two that of an ewe. And as his majefty has been gracioufly 
pleafed to continue to entruft the management of the flock to 
Sir Jofcph Banks, all letters on the fubject of it, addreflcd to 
him in Soho Square, will be anfvvercd, and the utmoft endea- 
vours ufed to confult the convenience of thofe who wifh to be- 
come purchafcrs. 

July, 1S02. JOS. BANKS, 


II. 


Defcription of a New Procefi of Refining. By Cit. Darcet, 
Nephew*. 

■ Though the practice of an art is alone fufficient to bring 
it to perfection, it muft alfo be admitted, that the greater num- 
ber of ufes to which its pr.oduCts are applied, as well as the 
greater number of manufactories wherein its procefles are 
carried on, are the principal caufcs of its arriving quickly at 
that defirable point; in faCi, if the manufactured articles be of 
general utility, if the procefles be generally followed, a com- 
petition is produced, and every manufacturer endeavours to 
be victorious in the conteft in which he is engaged : it is then 
that individual intereft Amplifies the operations of art and brings 
them to perfection, it fucceeds in affording at a lower price 
products of a fimilar kind, or in many cafes of a fort preferable 


* From the Journal de Phyfique, Venderaairc, An. XI. 
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lo thofe obtained by the original precedes, and it is thus that 
we daily fee a multitude of the arts arrive at a great degree 
of perfection. I might produce as examples, the art of the Inftances. 
pin-makers, that of the needle-maker, &c. &c. but I mean at 
prefent to confine myfelf to a new procefs for refining *, the 
details of which will fufiiciently illudrate what I advance. 

It is known in commerce, that articles of gold and filver. Standard of 
after long ufe upon a change of fafhion, or from other circum- ^enafn! U 
dances, are' melted together without attending to any rule or 
proportion but that which arifes from the variable courfe of 
trade. 

The ingots obtained in thefe operations mud, therefore, at 
fird, contain different proportions of gold and filver, but they 
mud at lad be united with thofe metals, which in conformity 
to the law will require to be added, in order to their employ- 
ment in the arts of the jeweller and the filverfmith. 

To bring thefe metallic compounds into circulation again. Method of 

that is to fay, to quahfv them to be reconverted into works of briJJ g»ng petals 
J 1 to a legal 

gold or filver, they mud undergo an operation which reduces ftandard. 

them to the dnmlard preferibed by law, there are two methods 

of accompli filing this end. 

The fiid and mod natural is that which points out theaddi. 
tion of the quantity of gold, filver, or copper, neceffary to 
redore the fixed proportions of the alloy. 

In the fecund all the metals are feparated from each other, 
and after reducing them to the date of pure or fimpJe bodies, 
the alloy is formed according to the legal proportions, but the 
fird of thefe procefies conditutes part of the fecond, inafmuch 
as it employs the fame materials as are purified by means of 
this lad, which is ufed to feparate an alloy of gold, filver, &c. 

It is to this operation that the name of refining is given. 

All the operations of refining are founded upon the peculiar Refining pro- 
properties of thofe bodies on which the refiner is to work. The perIy 
chief procefs is that which bears the name of parting; its bafis ^ artin 6* 
is the infolubility of gold in the nitric acid ; this acid, by dif- 
folving the filver and copper, leaves the gold, which was al- 
loyed with thefe metals, at the bottom of the veflel in which 
the folution is carried on. 

* I here fpeak of refining as an art, withcufereference to its con- 
nection with the financial operations of the date. 

This 
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Gold not com- 
pletely purified 
j>y the ufual pro- 


Antient pro 
cefies, 


This is feen by a Angle experiment; but practice foon {hows 
that for this (olution to take place, it muft be made upon an 
alloy of one part gold with four parts filver, and that it will 
be more perfect the greater quantity of concentrated acid is 
employed, or the higher the degree of heat which is applied 
to the veflels. Thefe obfervations improve the art, but do not 
bring it to that point which will enable us to obtain the gold 
cc^sof'partmg" * n * ts § reate ^ purity, for this metal very rarely comes from the 
crucible more pure than 998 or 999 in a thoufand. 

In this ftate it was that I found the art at my entrance into 
the national refinery, where being placed as it were in com- 
petition with the refiners of commerce, I fought the means of 
improving the procefles already known, and I now offer to 
the arts, that which has conftantly fucceeded with me during 
two years operations carried on in the laboratory of Cit. Dizd. 

I lhall begin with defcribing the old proceffes of refining, 
and afterwards explain the method which I have fubftituted in 
their (lead# 

The ingots received in commerce by the refiners are more 
or lefs rich, and more or lefs mixed with the fine metals, but 
their purity is generally between 850 and 950 thoufandth parts. 
They mix thefe ingots and unite them by fufion, fo that the 
alloy intended to be formed (hall contain four parts of filver to 
one of gold ; they pour thefe alloys out in grains, and add to 
every five kilogrammes 500 grammes, to the amount of 650 
grammes of nitrate of potafh of the fecond boiling *. 

The mixture is then melted in crucibles, where it is fuffered 
to cool in a mafs, and thefe mafles are again fufed and granu- 
lated, to multiply the furfaces of the alloy to be fubmitted to 
the action of the nitric acid which is employed in the parting. 

To perform this operation, the refiner diftributes the grains 
in pots of ftone-ware, and pours two parts of nitric acid of 
30 degrees over one part of the alloy. He places thefe pots 
in a fand-bath, in order to affift the action of nitric acid upon 
the filver, by means of the heat. When the folution is ef- 


Quartatioji. 

Fufion with 
nitre. 

Granulation. 


Parting by nitric 
grid# 


* The intention of this operation is to oxidate the copper and the 
other metals which are mixed with the gold and filver j and in fall, 
by this fufion, which is called (poujfee) the purity of the mafs is 
brought to about .978 : hence the quantity of acid neceflary for its 
folution is much diminifhed. 


fedted. 
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fe£ted, he decants the nitrate of filver, and wafhes the gold 
until the water from the wafhings will no longer decompofe 
muriate of foda. 

The gold is not yet freed from all alloy, he therefore adds to 
it fome nitric acid of the fame ftrength, and brings the mixture 
to ebullition, he then decants the nitrate of filver, wafhes the 
gold, and adding to it nitric acid of 40°, he replaces the veflel 
on the fand-bath. When it has been fufficiently boiled, he 
feparates the gold from the acid, and wafhes it with great care, 
dries it by a gentle heat, melts it and forms it into ingots, the 
purity of which, as I have laid above, does not generally ex- 
ceed .998, and is even often below .995, which is the limit 
fixed by law. In the latter cafe, the refiner is obliged to pro- 
ceed to a new quartation and a new parting ; his expencesare 
then doubled and may be even trebled, if in the fecond ope- 
ration, he does not furmount the inconveniencies which caufed 
the firft to fail. 

This is the department of refining which I have brought Improved pro- 
neareft to perfection, as will be feen in the defeription of my 
procefs. 

I mix, as in the old operation, the ingots of commerce, in Quartation and 
fuch a manner, that when they are melted together, the gold one hundredth^ 
in the alloy (hall bear proportion of one to four parts of filver. part of nitre. 

I melt the ingots thus prepared, and when the matter is very 
liquid, I projecl thereon about 200 grammes of nitrate of potafh 
for every 20 kilogrammes of the alloy. This fmall quantity 
of faltpetre is fufficient, as I have remarked, to oxidate the 
tin, which is always combined in greater or lefs quantity with 
the ingots of commerce. It is effential to feparate this tin, 
becaufe in the operation of parting it becomes oxidated and 
mixed with the gold, and at the time of that metal being 
melted, it may perhaps be partly reduced and render it harfh 
and of lefs purity. 

When the whole is in perfe& fufion, I immediately granu- Granulation, 
late and diftribute it, as in the former method, into pots. 

There I add to it the fame quantity of nitrid acid of the fame 
ftrength, following exaCUy the fame manipulations as thofe I ^ ting al 
have deferibed above : in one word I obferve the antient pro- 
pefs to the moment, when the gold, after having been well 
prattled, is put into the crucible : I col left the gold in this ttate The parted geld 
jnto as fmall a veffei as poffible, and add to it as much fulphu-^^.^^ 
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ric of 66° as will cover its furface ; I increafe the temperature 
of this acid by placing my veflel on a fand-bath, I raife it to 
ebullition, and keep it in that ftate for about an hour ; I then 
snd wjbei. fuffer the whole to cool *, I decant the acid and wafli the gold 
until the water from the wafliings will not yield any more pre- 
It is then pure, cipitate with muriatic acid or alkalies. Nothing then remains 
but to dry this gold, which is in powder, and to reduce it into 
ingots, which will conftantly be of the purity of 1.000, or 24* 
carats. 

Thefe are all the details nccefiary to direct the performance 
of the operation which I propofe : the following arc the ad- 
vantages which I believe is actually pofleffes. 

Advantages of I make no pouffe, confequently I favc both charcoal and cru- 
the new procefa. c jy es . j a |f 0 am enabled to perform the operation without 
pounding the metal fo often, and have fewer wafliings and 
meltings : blit the grealeft advantage of this improvement is 
the confiderable diminution of the lire left in the fcorias ; for 
in the former method the groat quantity of nitrate of potalh 
that was added, promoted the oxidation f, or the extreme di- 
vifionofa confiderable part of the filver, which then remained 
in the fcoriae with the oxide of copper, the potafli, &c. and 
this wafle amounted, in each operation, to 2400 grammes on 
filver of the purity of .350 to AGO. ; and this filver remained, 
without yielding any profit, frequently for feveral years ; that 
is to fay, until the time when the refiner had a fufficient quan- 
tity of wafliings to make it worth refining. 

X have already afierted that I confiantly obtain the gold in 
its greatefi purity, or at 1.000. which is known to be a great 

* I mull alfo obferve that it is effential to fuffer thefulphuric acid 
boiled with the gold, to be completely cold before it is decanted, 
without this precaution, as the (tone-ware vcffels ufed in France are 
not capable of withftanding the great degree of heat acquired by the 
acid in boiling, there is much hazard of being wounded by the frac- 
ture of the veffels, and the drops of acid which are fcattered in all 
directions. 

For greater fiifety, the bottom of the yeffel may be covered with 
iblphuric acid of 66 degrees, and at the temperature of the at- 
mofphere. * 

f I dare not yet affirm that the filver is in the ftate of the fcorae 
of the pouJfee\ I wait the refult of feveral experiments which I have 
undertaken on this fubjett in order to fix my opinion. 


advantage 
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advantage in commerce, but it is of dill more benefit to the 
refiner, by his operation being certain ; and he no longer runs 
any rifque, if the calculations of his alloy have been accurately 
made, of being ruined by unfuccefsful operations, and by the 
necefiity of repeating two or three times a procefs of which 
nothing can infurc the fucccfs. 


III. 


Remarks on the Confirudtion of the Heavens . By William 
Hkrschfl, LL. D, F. R. «$• From the Fltilof Tratfaftions, 
1802. 477*. 


IT has hitherto been the chief employment of the phyfical 
aftronomer, to fcarch for new celeilial objects, whatfoever 
might be their nature or condition ; but our dock of materials 
is now fo increafed, that wc fiiouM begin to arrange them 
more fcientifically. The cladilication adopted in my catalogues, 
is little more than an arrangement of the objetts for the conve- 
nience of the obferver, and may be compared to the difpofi- 
tion of the books in a library, where the different fixes of the 
volumes i> often more confidered than their contents. But 
here, in dividing the different parts of which the fidereal hea- 
vens arc compofed into proper dalles, I fliall have to exa- 
mine the nature of the various ccledial objects that have been 
hitherto examined, in order to arrange them in a manner mod 
conformable to their condru6tion. This will bring on fome 
extenfive confiderations, which would be too long for the 
compafs of a fingle paper ; I fliall therefore now only give an 
enumeration of the fpecies that offer thomlelves already to our 
view, and leave a particular examination of the feparate di- 
vifions, for fome early future occafions. 

In proceeding from the mod Ample to the more complex 
arrangements, fevcral methods, taken from the known laws of 
gravitation, will be fuggeded, by which the various fydems 
under confideration may be maintained ; but here alfo we fliall 
confine ourfelves to a general review of the fubjeft, as obfer- 


Ccleftial objects 
have not hitherto 
beenciafled ac- 
cording to their 
refpettive na- 
ture. 


Introdu&ory ob» 
fervations. 


* To this Paper is annexed « a catalogue of 500 new nebulas, 
nebulous ftars. planetary nebulas, and clutters of dais,” for which 
the reader is referred to the Tranfa&ions. 


vation 
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vation muft furnifh us firft with the neceflary data, to eftabliih 
the application of any one of thefe methods on a proper foun- 
dation. 

ENUMERATION OF THE PARTS THAT ENTER INTO THE 
CONSTRUCTION OF THE HEAVENS. 

I. Of infulated Stars . 

In beginning our propofed enumeration, it might be ex- 
pe£ted that the folar fyftem would ftand foremoft in the lift ; 
whereas, by treating of infulated ftars, wefeem, as it were, to 
overlook one of the great component parts of the univerfe. 
It will, however, foon appear that this very fyftem, magnifi- 
cent as it is, can only rank as a fingle individual belonging to 
the fpecies which we are going to contider. 

They are too far By calling a ftar infulated, I do not mean to denote its being 
nifitT "affected unconnected with all other ftars or fyftems ; for no one, 
by gravitation, ty the laws of gravitation, can be iniirely free from the in- 
fluence of other celeftial bodies. But, when ftars are fituated 
at fuch immenfe diftances from each other as our fun, ArCturus, 
Capella, Lyra, Sirius, Canobus, Markab, Bellatrix, Menkar, 
Shedir, Algorah, Propus, and numberlefs others probably are, 
we may then look upon them as fufficiently out of the reach- of 
mutual attractions, to deferve the name of infulated ftars. 

Ill a ft rati on 3 In order not to take this afTertion for granted, without fome 

fun'would re- examination, let us admit, as is highly probable, that the whole 
quire 33 millions orbit of the earth's annual motion does not fubtend more than 
of years to fall an an g| e 0 f one fecond of a degree, when feen from Sirius. In 
1 confequence of this, it appears by computation, that our fun and 
Sirius, if we fuppofe their mafles to be equal, would not fall 
even if there together in lefs than 33 millions of years, even though they 
att rC ft’°ns lltr * ry WerC n0t * m P e< * e< * by many contrary attractions of other neigh- 
' * bouring infulated ftars ; and that, confequently, with the af- 
fiftance of the oppolite energies exerted by fuch furrounding 
ftars, thefe two bodies may remain for millions of ages, in a 
ftate almoft equal to undifturbed reft. A ftar thus fituated may 
certainly deferve to be called infulated, fince it does not imme- 
diately enter into connection with any neighbouring ftar ; and 
it ds therefore highly probable, that our fun is one of a great 
number that are in fimilar circumftances. To this may be 
added, that the ftars we confider as infulated are alfo fur. 
rounded by a magnificent collection of innumerable ftars, called 

the 
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the milky-way, which muft occafion a very powerful balance 
of oppofite attractions, to hold the intermediate ftars in a. date 
of reft. For, though our fun, and all the ftars we fee, may 
truly be faid to be in the plane of the milky-way, yet I am now 
convinced, by a long infpeftion and continued examination of 
it, that the milky-way itfelf confifts of ftars very differently 
Scattered from thofe which are immediately about us. But of 
this, more will be faid on another occafion. 

From the detached fitualion of infulated ftars, it appears that inflated ftars 
they are capable of being the centres of extenfive planetary ™ y o b f c t j ,ecen " 
fyftems. Of this we have a convincing proof in our fun, which, fyftemsf 
according to our claftification, is one of thefe ftars. Now, as 
we enjoy the advantage of being able to view the folar fyftem 
in all its parts, by means of our telefcopes, and are therefore 
fufticienlly acquainted with it, there will be no occafion to enter 
into a detail of its conftruCtion. 

The queftion will now arife, whether every infulated ftar be Probably their 
a fun like ours, attended with planets, fatellites, and numerous 211 are fuclls 
comets ? And here, as nothing appears againft the fuppofition, 
we may from analogy admit the probability of it. But, were 
we to extend this argument to other fidereal conftru&ions, or, 
ftill farther, to every ftar of the heavens, as has been done fre- 
quently, I fhould not only hefitate, but even think that, from 
what will be faid of ftars which enter into complicated fidereal 
fyftems, the contrary is far more likely to be the cafe; and but the compli- 
that, probably, we can only look for folar fyftems among In-prolablynot:? 
fulated ftars. 

II. Of Binary fidereal Syfiems, or double Stars. 

The next part in the conftruCtion of the heavens, that often 4 * Double ftars, 
itfelf to our confideration, is the union of two ftars, that are 
formed together into one fyftem, by the laws of attraction. 

if a certain ftar fhould be fituated at any, perhaps immenfe, 
diftance behind another, and but very little deviating from the 
line in which we fee the firft, we fhould then have the ap- 
pearance of a double ftar. But thefe ftars, being totally uncon- 
nected, would not form a binary fyftem. If, on the contrary, 
two ftars fhould really be fituated very near each other, and at 
the fame time fo far infulated as not to be materially afreded orfta ” Tevo ^ in f 
by the attractions of neighbouring ftars, they will then compofe™“^ r * 

M feparate fyftem, and remain united by the bond of their own 

mutual 
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mutual gravitation towards each other. This Ihould be called 
a real double ftar ; and an y two ftars that are thus mutually 
connected, form the binary fidereal fyftem which we are now 
to confider. 

It is eafy to prove, from the dodtrinc of gravitation, that two 
ftars may be fo connected together as to perform circles, or 
ftmilar ellipfcs, round their common centre of gravity. In this 
cafe, they will always move in directions oppofite and parallel 
to each other ; and their fyttem, if not deftroyed by fome fo- 
reign caufe, will remain permanent. 

Four cafes of figure 1 (Plate V.) reprefents two equal ftars a and 
#rWts * moving in one common circular orbit round the centre o, but 

in the oppofite directions o fat and b t. In Fig. 2. we have a 
fimilar connection of the two ftars ab ; but, as they are of dif- 
ferent magnitudes, or contain unequal quantities of matter, 
they will move in circular orbits of different dimenfions round 
their common center of gravity o. Fig. 3. reprefisnts equal, 
and Fig. 4. unequal ftars, moving in fimilar elliptical orbits 
round a common centre ; and, in all thefe cafes, the directions 
of the tangents 1 1 , in the places a b, where the ftars are, will 
be oppofite and parallel, as will be more fully explained here- 
after. 

jn thefe cafes Thefe four orbits, fimple as they are, open an extenfive field 
gravity 1 ?/ confi- f orre fl e & ,on > and, I may add, for calculation. They fliew, even 
dcrably remote before we come to more complicated combinations, where the 
trom the larger f ame W M b e confirmed, that there is an effential difference 
between the conftruCtion of folalr and fidereal fyftems. In 
each folar fyftem, we have a very ponderous attractive centre, 
by which all the planets, fatellites, and comets are governed, 
and kept in their orbits. Sidereal fyftems take a greater fcope ; 
the ftars of which they* are compofed move round an empty 
centre, to which they are neverthelefs as firmly bound as the 
planets to their maffy one. It is however not neceflary here 
to enlarge on diftinCtions which will hereafter be ftrongly fup- 
ported by faCts, when clufters of ftars come to be considered* 
I (hall only add, that in the fubordinate bodies of the folar 
fyftem itfelf, we have already ihftances, in miniature, as it may 
be called, of the principle whereby the laws of attraction are 
applicable to the folution of the moft complicated phenomena 
, of the heavens, by means of revolutions round empty centres. 
For, although both the earth and its moon are retained in theic 
4 orbits 
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orbits by the fun, yet their mutual fubordinate fyflem is fuch, 
that they perform fecondary monthly revolutions round a centre 
without a body placed in it. The fame indeed, though under 
very narrow limits, may be faid of the fun and each planet 
itfelf. 

That no infulaied ftars, of nearly an equal dzeand didance, If infulated ftan 
can appear double to us, may be proved thus. Let Ar&urus and ^ ^ 

Lyra be the ftars: thefe, by the rule of infulation, which we Ar&urus and 
muft now fuppofe can only take place when their diftance from L y ,a > th< 7 can * 
each other is not lefs than that of Sirius from us, if very accu- motenefs from 
rately placed, would be feen under an angle of 60 degrees from t,)e earth appear 
each other. They really are at about 50°. Now, in order to u c> 
make thefe ftars appear to us near enough to come under the 
denomination of a double ftar of the firfi clafs, we fliould re- 
move the earth from them at lead 41253 limes farther than 
Sirius is from us. But the fpace-penetrating power of a 7 -feet 
refle&or, by which my obfervations on double ftars have been 
made, cannot intitlc us to fee ftars at fuch an immenfe diftance ; 
for, even the 40-feet telefcope, as has been (hewn *, can only 
reach ftars of the 1342d magnitude. It follows, therefore, thatbecaufe they 
thefe ftars could not remain vifible in a 7-feel refleftor, if they . W0 ?* d L , bc ^°" ie 
were fo far removed as to make their angular diftance lefs than they were re- 
about 24J minutes; nor could even the 40-feet telefcope, un- motc cnou eh* 
der the fame circu m dances of removal, fhew them, unlefs they 
were to be feen at lead 2 \ minutes afunder. Moreover, this 
calculation is made on a fuppofition that the dars of which a 
double dar is compofed, might be as fmall as any that can 
podibly be perceived ; but if, on the contrary, they fhould 
ftill appear of a condderable fize, it will then be fo much the 
more evident that fuch dars cannot have any great real dif- 
tance, and that, confequently, infulated dars cannot appear 
double, if they are fituated at equal didances from us. If, 
however, their arrangement fliould be fuch as has been men- 
tioned before, then, one of them being far behind the other, 
an apparent double dar may certainly be produced ; but here 
the appearance of proximity would be deceptive ; and the ob- 
ject fo circumdanced could not be clafled in the lid of binary 
fyftems. However, as we mud grant, that in particular fltu-it is highly *>. 
ations ftars apparently double may be compofed of fuch as are ^^ / ^* t thc 

fhould confift of 

* See Phil. Tranf. for 1800, Parti, page 83. ftars confide- ■ 

infulated, rlb ‘y afttnd * r ' 
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infulated, it cannot be improper to confult calculation, in or* 
der to fee whether it be likely that the 700 double ftars I have! 
given in two catalogues, as well as many more I have fined 
collefted, fliould be of that kind. Such an inquiry ^ though 
not very material to our prefent purpofe, will hereafter be of 
ufe to us, when we come to con fi der more complicated lyf- 
tems. For, if it can be fliown that the odds are very much 
againft the cafual production of double ftars, the fame argu* 
nient will be ftill more forcible, when applied to treble, qua- 
druple, or multiple compofitions. 

Let us take zz Aquarii, for an inftancc of computation. 
This ftar is admitted, by Flamfteed, De la Caille, Bradley, 
and Mayer, to be of the 4-th magnitude. The two ftars that 
compofe it being equal in brightnefs, each of them may be 
fuppofed to fiiine with half the light of the whole luftre. This, 
according to our way of reckoning magnitudes *, would make 
them 4m x */ 2 = m 5 that is, of between the 6th and 5th 
magnitude each. Now, the light we receive from a ftar be- 
ing as the fquare of its diameter direCliy, and as the fquare of 
its diftance inverfely, if one of the ftars of ZZ Aquarii be farther 
off than the ftars of between the 6th and 5 th magnitude are 
from us, it muft be fo much larger in diameter, in order to 
give us an equal quantity of light. Let it be at the diftance 
of the ftars of the 7 th maguitude ; then its diameter will be to 
the diameter of the ftar which is neareft to us as 7 to 5f, and 
its bulk as 1,885 to 1 ; which is almoft double that of the 
neareft ftar. Then, putting the number of ftars we x call of 
between the 6th and 5 th magnitude at 450, we (hall have 686 
of the 7 th magnitude to combine with them, fo that they may 
make up a double ftar of the ftrft clafs, that is to fay, that the 
two ftars may not be more than 5" afunder. The furface of 
the globe contains 34036131547 circular fpaces, each of 5'' in 
diameter; fo that each of the 686 ftars will have 49615357 of 
tliefe circles in which it might be placed ; but, of all that num« 
ber, a (ingle one would only be the proper fituation in which 
it could make up a double ftar with one of the 450 given ftars. 
But thefe odds, which are above 7 b\ millions to one againft 
the compofition of zz Aquarii, are extremely increafed by our 

# The exprefiiont 2m, 3m, 4m, &c. Hand for ftars at the diftance 
of 2, 3, 4, &c. timet that of Sirius, fuppofed unity* 

foregoing 
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iforegoing calculation of the required fize of the ftar, which 
muft contain nearly. Rouble the mafs allotted tp other, ftars of 
the 7th magnitude ; of which! therefore! none but thiq one 
can be proper for making up the required double ftar. If the 
liars of the Sth and 9th magnitudes! of which there will be 896 
and 1134, (hould be taken in, by way of increafing the chance 
in favour of the fuppofed compofition of our double ftar* the 
advantage intended to be obtained by the addition of numbers* 
will be completely counteracted by the requifite uncommon 
bulk of the ftar which is to ferve the purpofe ; for, one of 
the 8th magnitude, ought to be more than 2| times bigger 
than the reft i and, if the composition were made by a ftar of 
the 9th magnitude! no lefs than four times the bulk of the 
otlier ftar which is to enter the compofition of the double ftar 
would anfwer the purpofe of its required brightnefs. Hence 
therefore it is evident, that cafual fituations will not account 
for the multiplied phenomena of double ftars, and that confe- 
quently their exiltence muft be owing to the influence of fome 
general law of nature; now, as the mutual gravitation ofbo- 
dies towards each other is quite fufficient to account for the 
union of two ftars, we are authorifed to afcribe fuch combina- 
tions to that principle. 

It will not be necefiary to infift any further on arguments A&ualobferva- 
drawn from calculation as I (hall foon communicate a feries of a 

obfervations made on double ftars, whereby it will be feen, double ftars 
that many of them have actually changed their fituation with regard rottnd their ccn ~ 
to each other , in a progrejjive courfe, denoting a periodical revo- 
lution round each other ; and that the motion of jbme of them is 
direSt, while that qf others is retrograde . Should thefe obfer- 
vations be found fufficiently conclufive, we may already have 
their periodical times near enough to calculate, within a cer- 
tain degree of approximation, the parallax and mutual diftance 
of the ftars which compofe thefe fyftems, by meafuring their 
orbits, which fubtend a vifible angle. 

Before we leave the fubjeft of binary fyftems, I fhould re- The fun Is not 
mark, that it evidently appears, that our fun does not enter 5 

• into a combination with any other ftar, fo as to form one of tem is not abfo- 
thefe fyftems with it. This could not take place without odr lutc, y at 
immediately perceiving it ; and, though we may have good 
reafon to believe that our fyflem is not perfectly at reft, yet the 
caufes of its proper motion are more probably to be afcribed to 

Vo l. V,— Junk, G fome 
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fome perturbations anting from the proper motion of neigh* 
beuring ftars or fyftems, than to be placed to the account of 
a periodical revolution round fome imaginary diftant centre; 

III. Of more eompUchted JidereaX Syftems, or treble, quadruple , 
quintuple , and multiple Stars . 

Thofe who have admitted our arguments for the exigence of 
1 real double {tars, will eatity advance a ttep farther, and allow 
that three liars may be connected in one mutual fyftem of re- 
ciprocal attraction. And, as we have from, theory pointed out, 
in figures 1, 2, 3, and how two ftars may be maintained in 
a binary fyftem, we (hall here thew that three ftars may like- 
wife be preferved in a permanent connection, by revolving in 
proper orbits about a common centre of motion. 

In all cafes where ftars are fuppofed to move round an empty 
centre, in equal periodical times, it may be proved that an 
imaginary attractive force may be fuppofed to be lodged in 
that centre, which increafes in a direct ratio of the difiances. 

5 For fince, in different circles, by the law of centripetal forces, 
the fquares of the periodical times are as the radii divided by 
the central attractive forces, it follows, that when thefe perio- 
dical times are equal, the forces will be as the radii. Hence 
we conclude, that in any fy Item of bodies, where the attractive 
forces of all the reft upon any one of them, when reduced to a 
direction as coming from the empty centre, can be (hewn to 
be in a direCt ratio of the diftance of that body from the centre, 
the fyftem may revolve together without perturbation, and re- 
main permanently connected without a central body. 

Hence may be proved, as has been mentioned before, that 
two ftars will move rpund a hypothetical centre of attraction. 
For let it be fuppofed that the empty centre o, in Fig. 1 and 3 , 
is poftSed of an attractive force, increafing in the direct ratio 
of the diltances oa ; ob . Then, fince here ao and bo are 
equal, the hypothetical attractions will be equal, and the bo- 
dies will revolve in equal times. That this agrees with the 
general law of attraction, is proved thus. The real attraction 

of b upon a is JL$ and that of a upon b is JL; and, fince 
ab % ub % 

b =» «, it will hd jL. : -fL ;;ao : bo; which was required. 
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In Figures 2 and 4, when the ftars a and b are unequal, and 
their diftances from o alfo unequal, let o a ss », and obssm; refpcain^thc 
and let the mafs of matter in a = m, and in b = n. Then the nature or ihe 

r poflible rcvolu- 

attraCiionof b on ass — , will be to the attraction of a on b tfons governed 

ab % by an attrudtiTC 

force* directed 

s JL., as « : m ; which is again direCtly as a o : b o, to a center. 

ab % 

I proceed now to explain a combination of three bodies, Fig utc °f orbits 
moving round a centre of hypothetical attraction. Fig. 5 con- c * 
tains a fingle orbit, wherein three equal bodies a be, placed 
at equal difiances, may revolve permanently. For, the real 

attraction of b on a will be exprefled by — • but this; reduced 

ah* 

to the direction a o , will be only jL'-j.y. • for, the attraction 

ah 3 

in the direction b a is to that in the direction by, parallel to a o, 
b t b •by 

as JJT 10 The attraction alfo of c on a is equal to that 

of h on a ; therefore the whole attraction on a, in a direction 

towards o , will be exprefled by In the fame manner 

a b 3 

we prove, that the attraction of a and c on b, in the direction 

b o, is t?. ; and that of a and b on c, in the direction co g 
ah 3 

is — — • Sf. Hence, a b and c being equal, the attractions in 
ab 3 

the directions ao bo and co will alfo be equal ; and, confe- 
quently, in the direCt ratio of thefe diftances. Or rather, the 
hypothetical attractions being equal, it proves that, in order to 
revolve permanently, a b and c hi u ft be equal to each other. 

Inftead of moving in one circular orbit, the three ftars may 
revolve in three equal ellipfes, round their common centre of 
gravity, as in Fig. 6. And here we fhould remark, that this 
centre of gravity will be (ituated in the common focus o, of the 
three ellipfes ; and that the abfolute attraction towards that 
focus, will vary in the inyerfe ratio of the fquares of the dif- 
tances of any one of the ftars from that centre, while the rela- 
tive attractions remain in the direCt ratio of their feveral dif* 
lances from the fame centre. This will be more fully ex- 
plained, when we come to confider the motion of four ftars. 

62 A very 
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A Dwight-lined A very lingular ftraight-lined orbit, if fo it may be called* 
ma ^ a ^° e **^ ' n following manner. If a and 6, Fig. 7, 
are two large equal ftars, which are conne&eci together by 
their mutual gravitation towards each other, and have fuCh 
projectile motions as would caufe them to move in a circular 
orbit about their common center of gravity, then may a third 
fmall ftar c, fituated in a line drawn through o, and at rectan- 
gles to the plane defcribed by the ftars a b, fall freely from reft, 
with a gradually acquired motion tp o ; then, palling through 
the plane of the orbit of the two ftars, it will proceed, but with 
a gradually retarded motion, to a fecond point of reft d ; and, 
in this manner, the ftar c may continue to ofcillate between • 
and d, in a ftraight line, palling from c, through the centre o, 
to d, and back again to c. 

In order to fee the poftibility and permanency of this con- 
nection the better, let o be the centre of gravity of the three 
bodies, when the ofcillating body is at c ; then, fuppofing the 
bodies a and b to be at that moment in the plane p /, and ad- 
mitting m to reprefent a body equal in mafs to the two bodies 
a b, o will be the common centre of gravity of tn and c . Then, 
by the force of attraction, the body c and the fictitious body m 
will meet in o ; that is to fay, the plane p /, of the bodies a b , 
will now be at p* t. The fictitious body m may then be con- 
ceived to move on till it comes to it, while the body c goes to 
d ; or, which is the fame, the plane of the bodies a b will now 
be in the pofition p" t', as much beyond the centre of gravity o 9 
as it was on the oppofite fide m. By this time, both the ficti- 
tious body m t now at », and the real body c, now at d, have loft 
their motion in oppofite directions, and begin to approach tp 
their common’ centre of gravity o, in which they will meet a 
fecond time. It is evident that the orbit of the two large ftars 
will fufferconfiderable perturbations, not only in its plane, but 
atfo in its curvature, which will not remain ftriCtly circular ; 
the conftruCtion of the fyfteifl, however, is fuch as to contain a 
fufficient compenfation for Cvefy difturbing force/ and will cou- 
fequently be m its nature permanent* 

In order to add an ofcillating ftar, it is not neceflary that the 
two large ftars (hould be fo fituated as to move in a circular 
orbit, without the ofcillating ftar. In Fig. 9, the ftars a and b 
may have Arch projectile forces given them as would caufe 
them to deferibe equal ellipfes, of any degree of excentrieity. 

If 
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If now the fmall ftar c be added, the perturbations will an- obfemdons 

doubtedly affect not only the plane of the orbits of the liars, an< * 

but alfo their figures, which will become irregular moveable 

ovals. The extent alfo of the ofcillations of the liar c will be poflible revolts 

affe&ed ; and will fometimes exceed the limits c d, and fome- * l0nl 

times fall (hort of them. All thefe varieties may ealily be de- f orcey direOe* 

duced from what has been already faid, when Fig. 7 was con- to a center. 

fidered. It is however very evident, that this lyftem alfo 

muft be permanent 5 fine® not only the centre of gravity o will 

always be at reft, but ap 9 whatever may be the perturbations 

arifing from the fituation of c, will ftill remain equal to bo . 

It (hould be remarked, that the vibratory motion of the ftar 
c will differ much from a cometary orbit, even though the lat- 
ter (liould be compreffed into an evanefeent ellipsis. For, 
while the former extends itfelf over the diameter of a globe in 
which it may be fuppofed to be inscribed, the hypothetical 
attractive force being fuppofed to be placed in its centre, the 
cometary orbit will only deferibe a radius of the fanje globe, 
on accoupt pf its requiring a folid attractive centre. 

After what has been faid, it will hardly be neceffary to add, 
that with the affiftance of any proper one of the combinations 
pointed out in the four laft figures, the appearance of every 
treble ftar may be completely explained ; efpecially when the 
different inclinations of the orbits of the ftars, to the line of 
light, are taken iptp confideratiou. 

If we admit of treble ftars, we can have no repfon to pp- 
pofe more complicated connections ; and, in order to form an 
idea how the laws of gravitation may eafily fupport filch fyf- 
tems, I have joined fome additional delineations. 4 very 
Ihort explanation of them will be fufficient. 

Fig. 9 (Plate VI.) reprefents four ftars, abc and d* ar- 
ranged in a line; a being equal to b t and c equal to d . Then, 
if a 0 = b o, and co = do, the centre of gravity will be in 0 ; 
and, with a proper adjuftment of prqje$ile forces, the four ftars 
will revolve in two circular orbits round their common centre, 

By calculating in the manner already pointed out, it will be 
* found, that when, for inftance, ao^=il, cos? 3, andcssd 
= 1, then the mafs of matter in a =s b, will be required to be 
equal to 1,3492,. 

It is not neceffary that the proje&ile force of the four ftars 
(hould be fuchas will occafion them to revolve in circles. The 

fyftem 
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fyttem will )?e equally permanent when they defcribe fimilaf 
ellipfes about the common center of gravity, which will alCobe 
the common focus of the four ellipfes. In Fig. 10. the ftars 
abed , revolving in ellipfes that are fimilar, will always de- 
fcribe, at the fame time, equal angles in each ellipfis about the 
centre of hypothetical attraction ; and, when tljey are removed 
from abc d to d bf d d\ they will dill be Situated in a draight 
line, and at the fame proportionate didances from each other as 
before* By this it appears, as we have already obferved, that 
the abfolute hypothetical force in the fituation a f b f d <?, com- 
pared to what it was when the dars were at a h c d, is inverfely 
as the fquares of the didances ; but that its comparative. exer- 
tion on the flys, in their prefent fituation, is dill in a direft 
ratio of their didances from the centre o, jud as it was when 
they were at abed; or, to exprefs the fame perhaps more 
clearly, the force exerted on a', is to that which was exerted 


on a as grr* : *=77-. But the force exerted on a is to 

(7d\ ao\ 

that exerted on c , in our prefent indance, as a, o =s 1 to c a 
sr 3 ; and dill remains in the fame ratio when the dars are at 
of and cf ; for the exertion will here be like wife as U o = l 
to c'o = 3. 

Fig. 1 1 reprefents four ftars in one circular orbit 5 and its 
calculation is fo fimple, that, after what has been faid of Fig. 5, 
I need only remark that the dars may be of any dze, provided 
their mades of matter are equal to each other. 

' It is alfo evident, that the projectile motion of four equal 
dars is not confined to that particular adjudment which will 
make them revolve in a circle. It will be fufficient, in order 
to produce a permanent fydem, if the dars abed, in Fig. 12, 
are imprefled with fuch projectile forces as will make them 
defcribe equal ellipfes round the common centre 0. And, as 
the fame method of calculation which has been explained with 
Figs. 6 and 10 may here be ufed, it will not be neceflary to 
enter into particulars. 

13 reprefents four dars, placed fo that, with properly 
adjufted projectile forces, they may revolve in equal times, and 
in two different circles, round their common centre of gravity 
o . If ao =2 bo ss 4, co =2 do ss 5, and e sad as J, then 
will the mad of matter in a ss b 9 required for tfae purpofe, be 

1,3136. 
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J ,513d. This arrangement remarkable as it may appear, Obferrationa 
cannot be made in all fituations $ for indance, if the diftance 
ao = bo were affumed equal to 1, that of co ss do being 2, nature ef the 
it would be impofiibie to find fuch quantities of matter in a 
and b as would unite the four liars into one fy Hem. by an attradive 

As we have (hewn how the arrangement in Fig. 10. may be 4ir«a*4 
derived from that of Fig. 9, fo it will equally appear, that four t0 aCcnt€r * 
liars may revolve in different but fimilar ellipfes round their 
common centre, as in Fig. 14. For here the four liars, when 
placed at abed, are exadlly in the lituation reprefented in 
Fig. 13; but, on account of different projeftile forces, they 
revolve, not as before in concentric circles, but in fimilar eU 
liptical orbits* 

Fig. 15 reprefents three flars, a be, in the fitualion of Fig. 5, 
to which a fmall ofcillating flar, d, is added. The addition of 
fuch a liar to Fig. 1, has been fufficiently explained in Fig. 7 ; 
and, what has been remarked there, may eafily be applied to 
our prefent figure. As the fi6litious body m, in Fig. 7, was 
made to reprefent the liars a and b, it will now Hand for the 
three liars a b and c . If we fuppofe thefe liars to be of an 
equal magnitude in both figures, the centre of gravity o, of the 
three flars, will not be fo far from m and n as in .Fig. 7 ; anil 
the perturbations will be proportionally leflened. 

Fig. 16 gives the lituation of three liars, a be, moving in 
equal elliptical orbits about their common focus o, while the 
flar d performs ofcillations between <L and e. What has been 
faid in explaining Fig. 8, will be fufficient to (hew, that the 
prefent arrangement is equally to be admitted among the con* 
dru&ions of lidereal fyflems that may be permanent. 

We have before remarked, that any appearance of treble 
liars might be explained, by admitting the combinations 
pointed out in Figs. 5, 6, 7, and 8 ; and it mull be equally 
obvious, that quadruple fy Hems, under what thape foever they 
may Ihow themfelves, whether in llraigbt lines, fquare*, tra- 
pezia, or any other feeroingly the mod irregular configurations, 
will readily find a folution from one or other of the arrange* 
ments of the eight lad figures. 

More numerous combinations of liars may dill take place, 
by admitting fimple and regular perturbations ; for then all 
forts of erratic orbits of multiple flexures may have a perma- 
nent exidence. But, as it would lead me too far, to apply cal- 
culation to them, I forbear entering upo* the fubjedl at prefent. 

Before 
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Ths Eonemus Before I proceed, H will be proper to remark, that it may 
In P°® b, y °^ cur to many, who are not much acquainted with the 
the heaven* Arrangement of the numberlefs liars of the heavens, that what 
P^J^hat die has* been faid may all be mere ufelefs furmife ; and that, polfi- 
quifitioru is not bly, there may hot be the leaft occafio'n for any fuch fpecula- 
mere furmife, . tihns upon the fubjeS. To this, however, it may be anfwered, 
that fuch combinations as I have mentioned, are not the inven- 
tions of fancy : they have an aCtual exigence ; and, were it 
iiecefTary,Tcould point them out' by thoufands, There is not 
a fingle night when, in palling over the zones of the heavens 
by fwefeping, I do not meet with numerous collections of double, 
treble, quadruple, quintuple, and multiple liars, apparently 
infulated from other groups, and probably joined In foipe fmatt 
tfdereal fyttem of their own.' I do hot imagine that I have 
pointed out the aCtual manner in which they are held together ; 
but it will always be a deiirable Hep towards information, if 
the poffibilily of fuch uniohs, in many different ways, can be 
laid before us; and, very probably, thofe who have more 
feifure to confider the different combinations of central forces, 
than a practical aftronomer cah have, may ealily enlarge on 
what has been laid down in the foregoing paragraphs. 

IV. Of clujiering Stars, and the Milky~zvay. 

4* Cluttering From quadruple, quintuple, and multiple ttars, we are na- 
mUkyway 16 turaily led to a confideration of the vaft collections of fmall 
ftars that are profhfely (battered over the milky* way. On a 
very flight examination, it Will appear that this immenfe (tarry 
aggregation is by no means uniform. The (tars of which it is 
compofed are very unequally Scattered, and (how evident 
marks Of cluttering together into many feparate allotments. 
By referring to fome One of thefc cluttering collections in the 
heavens, What Witt be faid of them 1 will be mulch better under- 
Hood, than’ if We'were to' treat of them merely in a general way. 
Let us take the fpace between P and y Cygfii for an example, in 
which the (lars are cluttering with a kind of divifion betWeert 
them, fo that we may fuppofe them' to be cluttering towards 
two different regions. By a computation, founded on obferva- 
tions which afeertain the number of ffArs in 'different fields of 
view, it appears that 'our fpace between P and r, taking an 
average breadth of about five degrees of it, contains more 

than 931 thoufand liars ; and, admitting them to be cluttering 

..... ... 
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two different ways, we have 165 thoufand for each clattering 
collection. Now, as a more particular account of the milky- 
way will be the fubjeCt of a feparate paper, I (hall only ob- 
ferve, that the above-mentioned milky appearances deferve 
the name of cluttering collections, as they are certainly brighter 
about the middle, and fainter near their undefined borders. 

For, in my fweeps of the heavens, it has been fully afcer- 
tained, that the brightnefs of the milky. way arifes only from 
ttars ; and that their comprefiion increases in proportion to the 
brightnefs of the milky-way. 

We may indeed partly afcribe the increafe, both of bright- 
nefs and of apparent comprefiion, to a greater depth of the 
fpace which contains thefe ttars ; bnt this will equally tend to 
ihew their cluttering condition : for, fince the increafe of 
brightnefs is gradual, the fpace containing the cluttering ttars 
mutt tend to a fpherical form, if the gradual increafe of bright- 
hefs is to be explained by the iituation of the ttars. 

V. Of Groups of Stars . 

From cluttering ttars there is but a fhort tranfition to groups 5 . Groups of 
of ttars ; they are, however, fufficiently dittinCt to deferve a ftars * 
feparate notice, A group is a collection of clofely, and almott 
equally com prefied ttars, of any figure or outline ; it contain s 
ho particular coildenfation that might point out the feat of an 
hypothetical central force 5 and is fufficiently feparated from 
neighbouring ttars to Ihew that it makes a peculiar fyttem of 
its own. It mutt be remembered, that its being a feparate 
fyttem does not exclude it from the action or influence of other 
fyttems. We are to underftand this with the fame referve 
that has befcn pointed out, when we explained what we called 
infulated ttars. 

The conttruCtion of groups of ttars is perhaps, of all the ob- 
jects in this heavens, the mod difficult to explain ; much lefs 
can we now enter into a detail of the numerous obfervations I 
have already made upon this fubjeCt. I therefore proceed in 
toy enumeration, 

VI. Of Clufiers of Stars . 

Thefe are certainly the mod magnificent objects that can 6. Clutters of 
be feen in the heavens. They are totally different from mere 
groups of ttars, in their beautiful and artificial arrangement : 
v . their 
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their form is generally round ; and the compreffion of the flar* 
fhews a gradual, and pretty fudden accumulation towards th^ 
centre, where, aided.by the depth of the dufier, which we can 
have no doubt is of a globular form, the condeqjatipn is fuch, 
that the fiars are fufficiently comprefled to produce a mottled 
lufire, nearly amounting to the femblance of a nucleus. A 
centre of attraction is fo ftrongly indicated, by all the circum- 
fiances of the appearance of the clufier, that we cannot doubt 
a (ingle moment of its exifience, either in a fiate of real foli- 
dity, or in that of an empty centre, poflefted of an hypothetic 
cal force, arifing from the joint exertion of the numerous fiars 
that enter into the compolition of the clufier. 

The number of obfervations I have to give relating to this 
article, in which my telcfcopes, efpecially thofe of highfpace- 
penetrating power, have been of the greatefi fervice, ofcouifc 
can find no room in this enumeration, 

VII. Of Nebula:. 

Thefe curious objects, which, on account of their great dif. 
tance, can only be feen by infiruments of great fpace-pene- 
trating power, are perhaps all to be refolved into the three 
lafi mentioned fpecies. Clufiering collections of fiars, for in- 
fiance, may eafily be fuppofed fufliciently removed to prefent 
us with the appearance of a nebula of any flupe, which, like 
the real objeCt of which it is the miniature, will teem to be gra- 
dually brighter in the middle. Groups of fiars alfo may, by 
difiance, afliime the femblance of nebulous patches ; and real 
clufiers of fiars, for the fame reafon, when their coinpofition 
is beyond the reach of our mod powerful infiruments to refolve 
them, will appear like round nebulas that are gradually much 
brighter in the middle. On this occafion I mufi remark, that 
with infiruments of high fpace-penetrating powers, fuch as my 
40-feet telefcope, nebulas are the objects that may be per- 
ceived at the greatefi difiance. Clufierng collections of fiars, 
much lefs than thofe we have mentioned before, may ealily 
contain 50,000 of them ; and, as that number h?s been chofcn 
for an infiance of calculating the difiance at which one of the 
molt remote objects might be (till vifibie # , I (hall take notice 
of an evident confequence attending the refult of the compu- 

• See Phil.' Tranf. for 1800, page 83. N. B In the fame page* 
line £2, for 5000 read 50,000* 

3 tatioi^ 
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tat ion; which is, that atekfcope with a power of penetrating 
into fpace, like my 40 -feet one, has alfo, as it may be called, 
a power of penetrating into time pall. To explain this, we 
moft confide* *that, from the known velocity of light, it may heaven?j 
be proved, that when we look at Sirius, the rays which enter containing iUis. 
they eye cannot have been lefs than fix years and 4f months 
coming from that ftar to the obferver. Hence it follows, that Light employing 
when we fee an otyoft of the calculated difiance at which one pal ]^ e f y ortl 
of thefe very remote nebulae may ftillbe perceived, the rays riu * > and 
of light which convey its image to the eye, muft have been !i°rr Vj'n * 

more than nineteen hundred and ten thoufand, that is, almofi from re, nut.: 
two millions of years on their way ; and that, confequently, fo 
many years ago, thisobjedt muft already have had an exiftence h,we edited (j 
in the fidereal heavens, in order to fend out thofe rays by a g°* 
which we now perceive it. 

VIII. Of Stars with Burs, or Stcller Nebula. 

Situated as we are, at an immenfe diftance from the remote s - Stellar po- 
parts of the heavens, it is not in the power of telefcopes to re. 11 Xm 
folve many phenomena we can but juft perceive, which, could 
we have a nearer view of them, might probably (hew them- 
felves as objeds that have long been known to us. A ftellar 
nebula, perhaps, may be a real duller of liars, the whole light 
of which is gathered fo nearly into one point, as to leave but 
juft enough of the light of the clufter vifible to produce the 
appearance of burs. This, however, admits of a doubt. 

IX. Of milky Nebulofity. 

The phenomenon of milky nebulofity is certainly^of a moft 9\ M 'lky neb “- 
interefting nature : it is probably of two different kinds ; one l0llty ' 
of them being deceptive, namely, fuch as arifes from widely 
extended regions of clofely conneded cluftering ftars, conti- 
guous to each other, like the colledions that conftrud our 
milky-way. The other, on the contrary, being real, and pof- 
fibly at no very great diftance from us. The changes I have 
obferved in the great milky nebulofity of Orion, 23 years ago, 
and which have alfo been noticed by other aftronomers, can- 
not permit us to look upon this phenomenon as arifing from 
immenfely diftant regions of fixed ftars. Even Huygens, the 
discoverer of it, was already of opinion that, ia viewing it, we 
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few, as it were, through an opening into a* region of light*. 
Much more would he be convinced now, when changes in its 
fhapeand luftre have been feen, that its light is not, like that 
of the milky* way, compofed of ftars. To attempt even a guels 
at what this light may be, would be prefumptuous. If it 
ihould be furmifed, for infancy that this nebulofity is of the 
nature of the zodiacal light, we (hould then be obliged to ad- 
mit the exiftence of an eflfedt without its caufe. An idea of 
its pbofphorical condition, is not more philofophical, unlefs We 
could (hew from what fource of phofphorical matter, fuch im- 
meafurable tradls of luminous phenomena could draw their 
exigence, and permanency ; for, though minute changes have 
been obforved, yet a general refemblance, allowing for the 
difference of telefcopes, is (till to be perceived in the great 
nebulofity of Orion, even lincc the time ofits firfl: difcovery. 

X. Of Nebulous Stars. 

The nature of thefe remarkable objects is enveloped in much 
obfcurily. It will probably require ages of obfervations, before 
we can be enabled to form a proper eftimate of their condi- 
tion. That ftars (hould have vifible atmofpheres, of fuch an 
extent as thofe of which I have given the fituation in this and 
my former catalogues, is truly furprifing, unlefs we attribute 
to fuch atmofpheres, the quality of felf-lumipous milky nebulo- 
fity. We can have no reafon to doubt of the (tarry nature of 
the central point ; for, in no refpedt whatever does its appear- 
ance differ from that of a ftar of an equal magnitude ; but, 
when the great diftance of fuch (tars is taken into confidera- 
tion, the real extent of the furrpunding nebulofity is truly 
wonderful* A very curfous ope of this kind will be found in 
the 4 th clafs, No. 69. 

£1. Planetary Nebula . 

This feeing to be a fpecies of bodies that demands a particu- 
lar attention. To inveftigale the planetary nature of thefe 
nebulae, is not an eafy undertaking. If we admit them to con- 
tain a great mafs of matter, fuch as that of which our fun is 
compofed, and that they are, like the fun, furrounded by denfe 
luminous clouds, it appears evidently that the intrinfic bright- 
nefs of thefe clouds mud be far inferior to thofe of the fun. A , 

See Syjlema Saturntum , page 8 and 9. 
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part Qf the fun's dilk, equal to a circle of 15" jn diameter, 
would far exceed the greateft luftre of the full moon 5 whereas, 
the light of a planetary nebula, of an equal fize, is hardly 
equal to that of a Aar of the 8 th or 9th magnitude. If, on 
the other hand, we fliould fuppofe them to be groups, or clut- 
ters of ttars, at a diflance fufficiently great to reduce them to 
fo fmall an apparent diameter, we (hall be at a lofs to account 
for their uniform light, if clutters ; or for their circular forms, 
if mere groups of ttars. 

Perhaps they may be rather allied to nebulous ttars. For, 
ihould the planetary nebulae with lucid centres, of which the 
next article will give an account, be an intermediate ftep be- 
tween planetary nebulae and nebulous ttars, the appearances of 
thefe different fpecies, when all the individuals of them are 
fully examined, might throw a confiderable light upon the 
fubjeft. 

XII. Of planetary Nebulas with Centres. 

In my fecond catalogue of nebula, a fingle inftance of a 12. Planetary 
planetary nebula with a bright central point was mentioned ; witb 
and, in No. 73 of the 4th clafs, is another of very nearly the 
fame diameter, which has alfo a lucid, though not quite fo 
regular a centre. From feveral particularities obferved in 
their conftru&ion, it would feem as if they were related to 
nebulous ttars. If we might fuppofe that a gradual condenfa- 
tion of the nebulofity about a nebulous flar could take place, 
this would be one of them, in a very advanced ftate of com- 
preflion. A further difcuffion of this point, however, mutt 
be refer ved to a future opportunity. 


IV. 


Defcription of a New Statical Lamp, which of itjblf raifes and 
keeps the Oil at a conftant Height . By M. D’Edrlcrantz, 
qf Stockholm , Member of feveral Academies and Literary So- 
cieties, Knight of the Order qf the Polar Star , fyc *. 


SlNCE the firft invention of the lamp with a double current Advantages of 
of air by M. Argand, many attempts have been made to find fejroir of a lamp 
the means of placing the refervoir of oil below the fockct of below die fl 


* Communicated by the Author. 
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the lamp, and to raife it, in order not only to preterit th# 
di /agreeable (hadow of lamps on the ordinary conflrudion, 
which at ways produces darknefs in fome part of theapartment, 
but alfo to alter the conftru&ion, and afford the manu&dtaring 
artift an opportunity of giving it thofe elegant forms of which 
the inflrument is capable, 

A new lamp I fhall not (peak of # Keif's hydroftatic lamp, nor of that 
rhffe ofKirt* wheel-work by f Carcel, as they are both well known, 
and of Carcel. but confine myfelf to the defcription of this new lamp, and 
which I have confidered with the fame defign as thefe pbilo- 
fopliers. 

Dcfcridon with The body of the lamp. Fig. I, confiffe of three veflels, 
Rawing* 10 tbe a a h K d eh h, and b bfg . Thefe may be either cylindrical or 
reftangular, and made of (heet iron, they differ little in height; 

Defcription of a and about a line in their diameters, the veflels aakh, and 
b.-w ftatical 
ilXDp. 


that when the veflel bbfg is at its grealeft height, there (halt 
only remain a fpace of 14 or 15 lines between the two other 
vefiels, that is to fay, a length equal to d b. Now pour mer- 
cury into the fpace between the two veflels to within the dif* 
lance of a few lines at dr, as to rr; the edge of the middle 
. veflel will then be immeried in mercury, and all communica* 
lion between the infide of this veflel and the outer air will be 
cut off.. And if after having unfcrewed the focket of the lamp, 
oil be poured into the inftrument by the aperture ll* it will 

• Philof. Journal, Quarto, III. 46?. 
f Philof. Journal, New Series, II, 109. 

occupy 


dekh, are joined at their lower edges 55;— dekk is clofed 
at de; and aahh is terminated at a a, by a fmall gallery or 
baluftrade by way of ornament. The third veflel bbfg , which 
paiTes eafily between the other two, is alfo clofed at fg, by a 
plate which projects about three lines ; from the center of this 
there rifes a tube kkll, to the extremity ll of which is ferewed 
the focket of a common Argand's lamp. In the center of this 
is fixed another tube p q, made of tin, in which the iron wire 
mn is placed, and is befides fixed to the plate de, at right 
angles to its furface, the end of the wire is furnifhed with a 
nut and ferew o o. This wire (crews to direct the veflel bbfg 
in its motion between the two others, and the pofition of the 
nut is intended to determine the limits of that motion. 

To ufe this lamp, let us fuppofe the nut oo to be fo fixed. 
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occupy the fpace between the two ends fg and de, and the Defcription of a 
bit by prefling on the furface of the mercury at rr, will raife J^ p ftatical 
it a little On the outfide from its height and fpecific gravity. 

The fpecific gravity of oil to that of mercury is about as one 
to 16, a column of oil therefore of 16 inches would not raife 
the mercury above an inch 

If, after having filled the refervoir with oil, and fcrewed on 
the focket, the Plate fg be fo adjufted with weights, that it 
(hall become equal in weight to a column of oil whofe bafe is 
fg, and height k s ; it is evident that the oil in the refervoir 
will under this prefliire rife to s a, and will conflantly remain 
at that height while any remains, and while the weight of fg 
continues unaltered, notwithftanding the fall of fg, which 
when the oil is confumed, will be deprefled to de, and reft 
on the Plate d e. uutt, is a fmall tin tube, intended to re- 
ceive the oil which may be fpilled ; it anfwers the purpofe 
of the fmall round glafs ufually hung beneath other lamps. 

The height to which the oil may be raifed in a lamp of this 
kind is arbitrary, fince to increafe the height of the focket it 
is only neceflary to increafe the weight in proportion, always 
providing a fpace for the rife of the mercury, equal to a 16th 
part of the rife of the oil. This rife will be conftant, the 
weight being always the fame, as it does not in any refpedt 
depend on the quantity of oil in the refervoir. 

It is neceflary, however, to obferve refpe&ing the inva- 
riability of the counterpoifing weight, that it will not be geo- 
metrically accurate. We know by the laws of hydroftatics, 
that a folid body lofes by immerfion in any fluid as much of its 
weight as is equal to the weight of the fluid difplaced by it; 
now as the oil is confumed, the middle veflel finks deeper into 
the mercury, and confequently lofes of its weight, it will 
therefore after fome time be evidently incapable of fupporting 
the column of oil at the fame height as before. But if this 
middle veflel be made of very thin (heet iron and has not much 
range, this diminution will be inconfiderable, and may in prac- 
tice be entirely negle&ed. The lamp in the figure being ad- 
jufted to 10 lines, will contain oil fufficient for eight hours, at 
the end of this time, the furface of the oil in the focket will 

* i. *• Half an inch rife without and half an inch depreflion 
within. N. 


have 
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Description of a have fallen but two or three lines, whilft the flame will noth* 
eewftaticai materially injured by a fall of fotfr 6r five. By admitting^ 
larger interval between de and fg, the lamp, will hold more 
oil and burn longer. To raife the oil to its proper Jiqight on 
thefe occafiofl^, it will be neceflary to add more weights $ for 
example, one ounce for each line of the height required. 

The method editing and ufing the lamp will naturally be 
underflood from the foregoing description, t (ball only add, 
that the quantity of mercury required will be about a pound, 
and that when once put into the lamp it need not be removed 
from thence, unlefs it (hotild be thought proper to clean the 
infide of the lamp at intervals. In this cafe the oil and mer- 
cury may be poured together into aglafs or earthen veflel, and 
the mercury afterwards feparated from the oil by a paper 
flrainer. The inftrument may be cleaned with warm water 
and a feather, it may then be filled again, and when the proper 
weights are placed, the rife of the oil muft be produced by a 
gentle (baking of the lamp, any unufual preflure for this pur- 
pofe muft be avoided. The oil will not rife to its proper and 
conftant height till a few moments after being lighted. The 
length of the lower current of air requires high chimneys to 
produce a clear light. Thefe muft be taken off when the 
lamp is extinguifhed. To remove it with fafety, the column 
or upper part of it muft be taken off, and the inftrument be 
carried carefully by its focket. 

It will eafily appear, that various ornamental and elegant 
forms may be given to this lamp, the determination of which 
will remain with the manufacturing artifh Our prefent defign 
reprefents a truncated column, on a fquare bafe, ornamented 
with four balls, which alio ferve for the counterpoifing 
weights. 

I have thought proper to call this inftrument a ftatical lamp, 
as depending on the equilibrium of three different bodies, 
two of them fluid, and one folid. 
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On Oily Hidrogcn, By Prqftjfor Proust *> 

The perufal of the memoir of the Dutch chemills having Gas by diftilla- 
foggefied to me the idea of making two experiment* on the tlon olivc 01 
gas obtained by the didillation of olive-oil, I apprehend) doc- 
tor, that you will fee the refult with pleafure. With refpedt 
to the inferences which I have ventured to draw from them, 
if they be not true, they will neverthelefs contribute to extend 
the (bale of this new order of falls, and increafe the means of 
ftudying them with better effeli. 

I call this gas oily, becaufe it feems to me that it* great Callcd 
weight $ its white, footy, heavy flame ; its flrong fmell ; and 
above all, its property of becoming lighter by being palled 
leveral times over alcohol, point out a fim pie folution of the 
oily vapour in carbonated hidrogen. 

The pured oil mud yield a confiderable quantity of carbonic Pure oils yieia 
acid with the oily gas. Berthollet was perfectly right in faying 
that a certain dofe of oxigen would be found in the oils : be- gas : 
tides, the abforption which they continually make authorifes they contain 
it. It may perhaps be attempted to connell this acid with the ox, S cn * 
principles of that mucous body which Scheele feparated from 
them by oxide of lead ; but if on the one hand, the nature of 
the ingredients in this operation be well conlidered, and on 
the other, that of the fugar of oils, I believe it will not be Sugar of oils 9 
unreafonable to fuppofe that the fugar was entirely formed 
during their coition with the oxide* 

It is free from every metallic matter, lince it does not render not tl ' e 
faidro-fulphurated water turbid ; but it is particularly diftin- fugJgf CUblc 
guilhable from all our vegetable fugars, becaufe it is not fuf- 
ceptible of any fermentation, corruption or mouldinefs. I Its unchange- 
have kept three or four ounces of it full ten years, which is of aWc nature# 
the confidence of a tolerably clear fyrup, without its having 
experienced the flighted alteration in the greated heats. In 
a word, I am very much difpofed to believe that this fpecies 
of fugar is rather a new prodult than a fubdance fep&rated 
from the oils. 


* l&q m$c Joipjial it Phifiquc, Germinal) An* XL 
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Diflilled oil again difcovers characters to which little atten- 
tion has been given* It is changed into a volatile odorous or 
eflential oil, doubtlefs bydiflolving a certain quantity of car- 
bonated hidrogen. The following are fome of its properties : * 
Properties of When heated with water in a retort, part of it comes over 
4ifti)kd oil* iii the diftillation. It has a very powerful but difagreeable 
fmell, with a degree of lightnefs which places it in the rank 
of volatile oils, becaufe its weight to that of olive-oil is not 
more than as 91 to 100. It fwims upon alcohol, which dif- 
folves it with eafe. Laftly, it enters into ebullition as readily 
as fpirit of turpentine ; and if a lighted taper be brought to 
the mouth of the matrafs, the vapour of it burns like that of 
volatile oil. 

I have not particularly examined the acid liquor which ac- 
companies the diflilled oil : I (hall only infert a faCt relative to 
Sebate of potafh its hiftory. If foap be diflilled to the deftruCtion of its oil, 
remains after the y ie faline refidue which I (liould have expeCted to* be the 
foap. carbonate, is found to be the febate of potalh. It is cryltal- 

lizable, and the fulphuric acid inflantly difengages that pene« 
trating vapour called febacic acid. But to return to the oily 
hidrogen, which holds in folution the factitious eflential oil 
which I have mentioned at the beginning. When the heat 
fuddenly (trikes ^that portion of the oil which is found there, 
as if in a red hot tube, it paflfes from the vapourous flute to 
that of carbonated hidrogen, in the fame way as happens to 
ether, alcohol, radical vinegar, eflence of turpentine* &c. 
when they pafs through a red-hot tube. 

I (hall conclude this by an experiment which Rouelle made 
in his lectures, and which I alfo (how in mine ; becaufe in ad- 
dition to the agreeable fpeCtacle, the explanation of its caufes 
is perfectly conformable to the theory of inflammations. 

Beautiful ap- . Pour half a fpoonful of olive-oil into a fmall melting cruci- 
th^fudde^com ob k ure ty red, or -at that degree of heat which (hall have 
bullion of oil $ been difeovered by fome previous experiments. A thick cloud 
of white fmoke will immediately rife which takes fire, at its 
iummit, that is to fay, four or five feet diflant from the cru- 
cible, If on the contrary, the combuftion of the cloud arifes 
from the crucible, it is occafioned by the heat being too great. 
In that cafe we muft wait a few minutes, and the phenomenon 
and wax. will appear in all its magnificence. A piece of wax will give 
the fame eflfeCby but it feems to me to require more previous 
preparations than the oil. 


On 
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On the Difoxidation qf Iron . 

The fimplefl truths of chemiftry are not always thofe which 
are the moll eafily Ihown in public teaching. For example, m iftry not al- 
nothing can be more evident to the moft numerous auditory fo*? 

than that, in the tube experiment, the iron carries with it an Satire, 
overcharge of oxigen, becaufe every one of the fpe&ators can 
fetisfy himfelf by his eyes, and acquire an abfolute con vision 
of that which is intended to be (hown ; but when amidft the Instance. D!f- 
connection of ideas and proofs, we come to thofe which relate oxldatioa ®^ lwa 
to the difoxidation of this metal, we mud quit faCts and re* 
place them by luppofitions, becaufe it is not poffible to exe- 
cute them with facility in public. In fadt, it is impoffible 
either to apply a degree of heat in a few inftants to the oxide 
of iron, fufficient to deoxidate it, nor can it even be eafily 
reduced by melting. But by the following procefs this diffi- 
culty is partly overcome. 

Heat for an hour a mixture of one ounce of iron ore of Eafy procefs for 
Elba, and two gros of charcoal, in a fmall coated glafs retort, J h ' s E < j^ xldation 
at the bottom of which the clay has been left of the thicknefs Iron ore 'j ieatC( j 
of two inches. Place it immediately on the grate of the fur- in a glafs retort 
nace, and its neck will then project from the furnace by the Wlth charco *k 
door of the fire-place. Clofe it with fragments of bricks and 
earth, which will keep the retort in its filuation. If the neck 
be not long enough to reach into the pneumatic-trough, which 
in this cafe ought to be a fallad-diih or a foup-plale covered 
with a plate of lead perforated, add to it another which mult 
be luted with paper and (larch. 

Having done this, cover with the ufual precautions, the 
grate and the retort with charcoal. It receives from this dif- 
pofition a much more intenfe heat than if it had been placed 
on the bars. The carbonic acid and carbonated oxide are 
then obtained with the greateft facility. 

When the retort is cold, its belly will be found to be nearly State of the 
filled with pure iron of a fpongy appearance, which acquires reduced uoa* 
the metallic brilliancy by fridtion with any polifhed fubftance. 

This mafs is broken with difficulty, and notwithfianding the 
reparation of its parts, they will be all found to be foldered 
together. On heating it dexteroufiy by the blow-pipe, it burns 
with fparkling. The magnet attracts the whole of it. Part 
of it may be ufed to give hidrogen with fulphuric acid, in 

H 2 fliort 
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ihort etfe ry one is convinced on touching it, that it is iron re- 
duced to its primitive date, and that if it were formed into a 
mafs, it might conflitute bar-iron. 

As carburet is formed in this operation, the diffolution of 
the iron yields the fame bituminous fmell as that which is 
obferved in crude iron* 

. If inflead of wood-charcoal, that of blood well waftied be 
mixed with the oxide, ammoniacal carbonate will be deposited 
in the neck of the retort. I have explained the caufe of this 
product in my fecond memoir on Pruflian blue.. The folution 
of iron then affords phofphate with the potafh at the firft mo- 
ment of its precipitation. The bituminous odour of the fola- 
tion of caft iron as well as the gas, are alfo obtained from re- 
cently made charcoal of blood, by the application of fulphuric 
acid, it takes fire at the mouth of the matrafs. The reafon of 
this is fo evident, that it would be fuperfluous to dwell on it. 

Four inches of this gas, and one of oxigen, cannot be in- 
flamed in a tube with the charge of a pocket eledrophorus ; 
neither can it with two of oxigen, nor even with three. My 
object in thefe experiments was to difcover if charcoal or oil 
would be precipitated. 

LafUy, with four inches of oxigen or equal parts an inflam- 
mation lakes place ; but it caufes an agreeable furprife to ob- 
lerve that, on opening the flop-cock, the gazeous refidue in- 
flead of being diminifhed, is on the contrary, increafed to 
thirteen or fourteen inches. This fudden expanfion is accom- 
panied by another fa£l equally curious, the explanation of 
which is obvious, on recollefting the obfervation of Monge, 
on an atmofphere more or lefs compreffed. This is a cloud or 
thick mill which fills the tube as the refidue efcapes from its 
former compreflion. Let us now examine our eight inches of 
mixture which has increafed in bulk to thirteen or fourteen by 
the inflammation. 

On transferring it throygh lime-water, it will be found that 
it fcarcely troubles it, and even at fometimes not perceptibly 
at all. It alfo, within a few lines, preferves its dimeniion* 
of thirteen or fourteen inches. 

If a light be prefented to it, it will be feen that it is not 
oily hidrogen, Its blue flame defcends (lowly, and it iteoim 
fumed without the leaf! detonation. LafUy, it has but a weak 
odour very different from that of oily hidrogen. 


This 
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This gas burnt with oxigen is wholly converted into car- The expanded 
faonic acid, and is no longer-dilatable however fmall the quan- 
tity of oxigen mixed with it may be. when burned 

The following are the conjectures which I form at prefent with 
from thefe refults. 

I do not think that the refidue retains the lead trace of oxi- 
gen after the inflammation, otherwife it would bum with rapi- 
dity, which is' far from being the cafe. 

Four inches of oxigen generally confume feven and a half Conjefture* ot 
of pure hidrogen in my eudiometer, and as our refiduary gas infcrences * 
contains only a very fmall quantity of carbonic acid, it follows, 
that thefe four inches have confumed a quantity of hidrogen 
which would have been at lead equal to feven inches, had it 
been in the ufual date of dilatation at which the preffure of 
the atmofphere keeps it. 

Four inches of oily hidrogen therefore contain, according 
to this, feven inches of pure hidrogen condenfed into the bulk 
of four. 

Again our refidue after the combudion of four inches of 
oily gas, is all at once changed into thirteen or fourteen inches 
of carbonated hidrogen. We mud therefore conclude, that 
the feven inches of hidrogen compreded into the bulk of four, 
held in folution a quantity of oil capable of being converted, 
by a high temperature, into thirteen or fourteen inches of car* 
bonated hidrogen. 

I fay a high temperature, becaufe in fa£l, that alone is ca- 
pable of changing oil into carbonated hidrogen. 

Whence I conclude, that in the inflammation of four parts 
of oily gas, by an equal quantity of oxigen, nothing is really 
burnt but the hidrogen. 


VI. 

Letter from Fortis to J. C. Delametherie, on a Shower 
<f Mud which fell at Udina *• 

I HAVE jud received at the fame time, the number of the 
Journal de Phyfique, in which you notice the different opi- 
nions refpedling doaes fallen from above, of which almod every 

* In the Journal de Phyfique, Germinal, An. XL 

country 
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country has a tale or hifiory to relate, and the details by my 
^; d friend Cemazai, a good mineralogifi of Udina, of a flimy rain 
over fcveraJ which actually fell there in the evening of the 6th of this 
month* the wind having blown with violence from the eaft 
for feveral days. The furface of the land which has been en- . 
tirely watered with this ftrange rain, appears to be from ten 
to twelve leagues in diameter from the fea- Chore to the foot of 
the Alps of Carnia. Here, my dear friend are the means of 
eftablifliing a brick furnace in the higher regions of the at- 
mofphere, by thofe who are already convinced that materials 
are fufpended there, fufceptible of a fufion fimilar to that of 
the interior of a volcano. I know not if the partifans of that 
opinion which brings down the lavas from the moon, will be 
able to derive any fupport from the mud which has juft coated 
the fields of Friuli ; but for my own part, I was at firft of 
opinion, that the wind having been charged, in Sicily or near 
Naples, with volcanic duft thrown up by a whirlwind, had 
depofited it at the foot of the mountains of Carnia, which 
Its probable d obftru£ted the further progrefs of the clouds. But having 
fince examined a fpecimen of the fediment in queftion, fent 
to me by my friend at Udina, and which I forward to you 
with this letter # , by a very powerful magnifier, I am con- 
vinced that there is not the lead refemblance between this 
argillaceous earth and the detritus thrown by volcanoes into the 
upper regions of the atmofphere. It appears to me much 
more probable that a hurricane, or perhaps a water-fpout had 
pumped up the flimy water left by the large rivers when they 
overflow our richeft plains, and raifed it into thefc regions in 
which the wind had afted upon it. It is in confequence of 
fuch very natural and common events, that worms, tadpoles, 
and fmall fifties are frequently feen to fall from on high, with- 
out any one dreaming of their proceeding from an aerial race 
or from another globe. 

You, my dear and learned friend, may make what ufe you 
think proper of this Ample unfkilful explanation. 

* This earth is light, of the colour of brick-duft* and feems t<* 
be argillaceous* Note off, C, Delametbme . 
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Letter from M. Van Marum to M. Berthollkt. Containing 
an Account qf feme Experiments, Jhemng the Method of extin - 
guijking violent Fires with very f mall Quantities of Water, by 
Means qf Portable Pumps, 

SIR, 

HEN I had the pleafure to fee you, during my flay in Hiftory of an 
Paris, in September lafl, you informed me that my experi- c^nguifhin^ 
raents, made on a large fcale fome years ago, to (hew the prac- fire, 
ticability of extinguifliing very violent fires with an inconfi- 
derable quantity of water, were entirely unknown in France. 

You at the fame time requefted me to fend you an account of 
the experiments to be read at the national inflitute, and in* 
ferted in the Annales de Chcmie. My compliance with your 
requefl has been prevented till now by the want of time. The 
circumftances which gave rife to the experiments were the fol- 
lowing : 

Nine years ago. Van Aken, a Swede, publilhed at Stock- Anti incendiary 
holm, Copenhagen, and Berlin, that he could very quickly ex- °f Van 
tinguifh large artificial fires with an inconfiderable quantity of 
a liquid which he called anti-incendiary, the compofition of 
v/hich he had for fome time kept fecret. Having obferved in 
the journals, that M. Van Aken had repeated his experiments 
with much fuccefs in Berlin, befoje fome members of the aca- 
demy of fciences, I wrote to the celebrated M. Klaproth, re- 
quefting, if he knew the compofition of the anti-incendiary 
liquid, he would communicate it to me ; intending to (hew, at 
this place, the merit of the invention, by an experiment on a 
large fcale. With this intention, as foon as I had received 
M. Klaproth’s communication, I caufed Van Aken's liquid to 
be prepared under my immediate infpe&ion. The compofi- Jt s compofition# 
tion was a folution of 40lb. of fulphate of iron, and SOlb. of ful- 
phate of alumine, mixed with 20lb. of the red oxide of iron, 
and 200lb. of clay. I then commenced a feries of compara- 
tive experiments, by forming two combuftible mafles, alike in 
all circumftances ; fetting them on fire, and exlinguifhmg one 
of them with the liquid of Van Aken, and the other with com- 
mon water, I was much furprifed to find, in feveral trials, that, 

by 
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On trial it prov- by ufing the two liquids in the fame manner, the fire was aU , 
Sm common ^ wa - ys ex tinguifhed more quickly by the common water than by 
water. the anti- incendiary liquor; but I obferved, at the fame time, 

that a very inconfiderable quantity of water, if judicioufly dw 
rented, would extinguifh a very violent fire. The refult of my 
Ispsrimeut to firft experiments in this refped, led me to make others on a 
fofaTl quantity* of ^ ar 8 er fcale, and which I (hall defcribe alone: I took two 
water is needful calks, which had been full of pitch, and of which the infide 
in extingm/hing wa8 y e ^ we p C0V ered with that inflammable fubftance ; the 
^ heads of thefe were then taken out, and in order to affift the 

operation of combuftion, I gave them a conical lhape, placing 
the larger aperture of 20 inches diameter uppermost, the other 
of 16 inches diameter below, mounted on a three-legged 
fland, a few inches from the ground, fo that the fire might be 
kept as brifk as poflible by the free current of air patting 
through the calk. I covered the infide of each calk with a 
frefii coat of pitch, and having placed (havings of wood in each 
cafti, I lighted them one after the other. I began to exlin- 
guilh this fire when it was at its height. For this purpofe I 
made ufe of an iron ladle capable of holding two ounces of 
water, and provided with a very long handle, being kept at 
thediftance of four or five feet from the apparatus by the vio- 
lence of the fire. I carefully poured the water from this ladle 
in very fmall ttreams over the infide of the calk, placing the 
ladle on the edge of the calk, and moving it gradually along 
the edge as the flames ceafed. In this way the firll ladle full 
of water extinguilhed nearly one half of the fire, and what re- 
mained was effectually put out by a fecond ladle full, ufed in 
the fame manner. The linking fuccefs of this experiment, 
induced roe to repeat it in the prefence of many perfons, and 
with care and attention in the application and management of 
the water, I have more than once fucceeded in extinguilliing an 
highly ignited calk with a (ingle ladlefull of two ounces of 
water. - ' 

Theory* The It will appear furprifmg at firll that fo violent a fire could 
fteun keeps off be extinguiflied wiLh fo fmall a quantity of water; the reafon 
eacce so air. w -j^ h 0W€Ver> b e ealily underftood when we retted that, ac- 
cording to well-known fads and principles, the flame of a 
burning body will ceafe whenever its contad with the atmof- 
phene air is prevented: now, when a fmall quantity of water 
is thrown upon an highly-ignited body, part of that water is 

inllantly 
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inftantly reduced to fleam, which, rifing from the furfece of 
the burning body, prevents the contact of the atmofpheric air, 
and by that means puts out the flame, which cannot appear 
again while the production of the lleam is continued. 

According to thefe experiments, it appears that the art oflnltruftfons 
extinguifhing a violent fire with a fraall quantity of water, con- * £ theory* 

fills in this : that the water be thrown on that part of the Jire 
which is the mod violent ; fo that the quantity of fleam pro- 
duced, which fuppreffes the flame, may be the greatefl poflible : 
that water be continued to be thrown on the neigbouring in- 
flamed parts, as foon as the fire has ceafed in that on which the 
operation was began, and that all the burning parts be vifited 
in this way as quickly as poflible. By thus following the flames 
regularly with dreams of water, they may be every where fup- 
prefled before the part on which the operation was began, (hall 
have entirely loft by evaporation the water with which it was 
moiftened : this is often neceflary to prevent the parts from 
breaking out afrefli ; for, on the principle above-mentioned, a 
burning body, of which the flames are fupprefled, cannot 
be again in flames until the water thrown on it be totally eva- 
porated. 

Being convinced by thefe experiments, that a fmall quan- Experiment on a 
tity of water is fufficient to extinguifh ordinary fires, efpecially l"*® 1 fcale * 
in an early ftage. I have endeavoured to produce the fame 
conviction among my fellow-citizens, by repeating the expe- 
riments I have deferibed, and have advifed them to provide 
themfelves with fmall portable pumps for their ufe in cafe of 
neceflity. Many immediately followed ray advice, and their 
good effed being proved, the number has gradually increafed in 
feveral towns in Holland, efpecially after an experiment which 
I made in this place in May, 1797, to (hew, on a larger fcale, 
the advantages to be derived from a well-regulated direction 
of fiteams of water, in the extinguifhing even the moft violent 
fires, and with very fmall quantities of water, where portable 
pumps are ufed. 

The following is the experiment : 

I prepared a (hell of dry wood, forming a room of 24 feet A wooden edl« 
long, 23 feet wide, and fourteen feet high, having two doors ^ extingutlL 
on one fide, and two windows on the other ; this box, provided ed. 
with the wood- work of a roof, was uncovered above, and its par- 
tition raifed fix inches from die ground ; fo that, having a cur- 
rent 
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rent of air from the bottom upwards, the combuftion might be 
rendered as brilk as poffible when the building (hould be fet on 
fire. Theinfideof the partitions were ftrongly pitched, and 
were befide covered with twilled ftraw, which was alfo 
pitched. To the inner part of this ftraw covering! I fattened 
wood (havings, and betides this a coarfe cotton cloth, foaked 
in oil of turpentine, in order that the whole infide of the build- 
ing might be quickly on fire. Very foon after lighting it, the 
flames being rendered more brilk by the wind, were every 
where fo violent, that it was confidered by my affiftants as im- 
poflible to extinguifh them: I fucceeded, however, after the 
method above directed, in little more than four minutes, and 
with five buckets of water, a part of which was wailed by the 
negligence of my affiftants, as was proved by the following 
experiment : 

Repetition: Having invited only a few perfons to witnefs this, my firft 

experiment, on the 8 th May, 1 repaired my apparatus, and 
repeated it on the 1 1th, before a great number of fpedators ; 
the flames were no lefs violent than in the preceding experi- 
ment. 1 now undertook to diredi the jets of water in perfon, 
and fucceeded in extinguiftiing the fire in three minutes, and 
employed only three buckets of water, each containing about 
eighteen pints. 

Experiment at Being at Gotha in July 1 801, the duke and duchefs of Gotha 

CSiishi* prefled me much for a repetition of my experiment at their own 

expence, the details of which they had feen in the German 
journals ; in order to make the matter more fully underflood 
in that part of Germany, where, as in every other place, fires 
often make the mod dreadful ravages, in confequence of the ig- 
norance of the method of properly ufing the fmall quantity of 
water which they may have at hand. The obliging manner in 
which their highnefles made their requeft, and my own with to 
render it more generally ufeful, induced me to repeat it. The 
celebrated aflronomer. Von Zach, affifled me in this experi- 
ment, and had the goodnefs to infert an account of it in a. 
German periodical paper, intitled Reichs Anriager, 6th Augull, 
1798, No. 119. 

M. Lalande arriving at Gotha on the 30th J uly, four days after 
this experiment, was well acquainted with its refults, and, as 
he has fince told me, fpoke of it at the National Inftitute, foon 
after his return to Paris; but informed me, at the fame time, 

that 
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that the troth of his account was doubted. In order to clear 
away all doubt on that head, I fubjoin the following liberal 
tranflation of the verbal procefs of the experiment which Von 
Zach had drawn up, and inferted in the above-mentioned pe- 
riodical paper, : 

Doctor Van Marum * being at Gotha, in the courfe of a lite- V-rbil procefs of 
rary journey, which he was making in Germany in 1798, the method of ex^ 
duke of Gotha, well known as an amateur of the phyficaland tinguiihing fire, 
mathematical fciences, fignified his detire to fee, on a large 
fcale, that experiment of extinguithing tires, the effeCt of 
which M. Van Marum had (hewn him, in extinguithing a 
pitched calk, fet on fire, with a fmall ladle of water. He 
caufed a building to be conftru&ed under M. Van Marum’s di- 
rection, in the duchefs’s garden, ol equal dimentions in all re- 
fpefits with that ufed for the fame experiment at Harlaem, 
which was of 24 feet long, 20 feet wide, and 14 feet high. It 
had two doors on the north-eaft tide, and two window-like 
openings on the north-weft fide ; the top was left entirely open 
to give the flames a free vent ; the intide of this receptacle 
was plaftered with pitch, and afterwards covered with ltraw 
matts, on which melted pitch had been poured. To the bot- 
tom of thefe matts, cotton wicks, foaked in fpirits of turpen- 
tine, were fufpended, that fo the building might be every 
where on fire at the fame time. In this ftate the fire, excited by 
the wind, was foon fo violent, that the flames, with thick 
clouds of fmoke, were carried feveral feet above the opening 
of the roof, and fo fiercely, that the fpeClators aflembled about 
the building quickly drew back ; many were of opinion that 
it would not be poftible to extinguilh it, but that the building 
rouft be reduced to alhes. When the ftraw mats were entirely 
confumed, the interior wood work of the building was foon on 
fire in every part. The moft unfavourable circumftances at- 
tended this experiment ; for the. wind drove the flames diredly 
through the two doors on the north-eaft fide, by which it had 
been intended to introduce the ftreams of water to extinguifii 
them : but notwithftanding this, M. Van Marum placed a 
fmall portable pump (or engine) before the door in that part of 
the north-eaft fide of the building neareft tothefouth-eaft-fide ; 

* The remainder of this memoir being the words of the report, 
it has not been marked as a quotation,— N« 
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Verbal procefs of without regarding the appreheniions of hit afliftants, he fet it 
thiTinethod of * n an d placing bitnfelf before this door, as near as the 
extingai&ing intenfe heat of the fire would admit, he directed the ftreams of 
firc# water firft .towards the fouth-eaft fide, and as near the door as 

was pofiible, and continued until the flames were extinguished 
on the fide, and fprinkled with water in the fame direction ; 
after which the water was dire&ed along the fouth-eaft fide, 
and afterwards the north-eaft, fo that in a few minutes the 
flames were got under, and the burning partitions were extin- 
guilhed. After this the pump was placed before one of the 
openings in the north- weft fide. He alfo very fooh extinguilhed 
the fouth-eaft fide ; and laftly, coming to the centre of the build- 
ing, where the Are appeared here and there in the chinks of the 
boards and the holes left by the nails, breaking out at intervals 
in fmall flafhes, he entirely extinguilhed them, and thus per- 
fectly fubdued this violent fire. It was eftimated by feveral 
of the fpe&ators, that the fire was extinguilhed at moft in 
three minutes from the commencement of the aCtion of the 
pumps to the time when the wood juft remained burning, and 
broke out afrelh in forae places ; thefe renewals were however 
fo inconfiderable, that the burning parts were quenched by 
means of fome wet rags faftened to a flick. Before fetting 
the pump to work, itsrefervoir was filled with four buckets of 
water ; but in carrying it to the firft window of the building, 
and from thence to the middle of it, near a bucket full was 
fpilt ; fo that it maybe pofitively affirmed, that this violent fire 
was extinguilhed with three buckets of water, excluding that 
which was afterwards ufed to quench thefe parts of the build- 
ing which remained red. It was eafily obferved, when the 
fire was out', that not only the ftraw matts were burned, but 
the entire wood work of the building had been on fire, info- 
much that the fmalleft part of wood could not be found in the 
infide of the building which had not been more or lefs fc- 
verely burnt. The north-eaft fide in particular, againft which 
the wind drove the flames with the moft violence, was entirely 
charred. 

The experiment made at Gotha differed materially from 
that at Harlaera, as the flames and thick fmoke, which came 
out at the doors on the latter experiment, rendered accels to 
the building with the pump very difficult ; fo that it was only 
by means of perfuafion, and the courageous example which 

M.Van 
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M. Van Marum hirafelf fet in leading his affiftants and direft- Verbal proctfa of 
ing the operations of the pump, that he could- prevail on them ^cmethodof” 
to face the danger, which they confidered as very dreadful. extinguiflung 
The refult of the foregoing fafts is, that in applying the fire * 
method of extinguifhing fire, the circum fiances to be ob- 
ferved are thefe, that, to extinguifh the moil violent fire, it is 
only necelTary to wet the furface of the burning matter in the 
part in which the flames are Teen, and that for this purpofe 
only a fmall quantity of water is needful, if the parts be wetted 
in the proper manner. In operations of this kind, therefore, 
particular attention muft be paid to throwing the water in fuch 
a way, that the entire furface of the burning part fhall be 
wetted and extinguifhed, and that in fuch a way that an extin* 
guilhed part fhall never be left between two others which are 
in flames ; for if attention be not paid to this, the heat of the 
flames burning here and there will quickly change the water 
with which the part has been wetted into fleam, and the whole 
will again take fire. In order, then, to extinguifh a fire in all 
cafes, no more water mull be thrown on the burning part than 
is needful to wet its furface ; and this I conceive to be all that 
is requifite to extinguifh a fire whatever may be the circum- 
flances of its origin. 


VIII. 

Report, prefented to the Clafi of Accurate Knowledge of the Aca- 
demy of Turin , in the fitting of the 2d Nivofe , ( Dec. 23, 1 802 ) 
in the Year 11 , on the Action qf Galvanifm , and on the Appli- 
cation of this Fluid, and that of FAe&ricity , in the Healing 
Art , by Antoine-Marie Vassali Eandi.* 

The galvanic experiments, made the 22d and 26th of lafl Hlftorical fotro- 
Thermidor, before a confiderable number of fpedlators, by 
your aifociates Giulio, Roffi, and myfelf, on the heads and 
trunks of three perfons who had been decapitated, the report 
of which you have caufed to be printed, excited many queT- 
tions refpe£fcing this agent, and, by analogy, on electricity. 

Thefe two fluids, and their ufes, have furniihed the fubjeft of 

* From the Journal de Phyfique, Germinal, An. XL 
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the ordinary conventions of well-informed people ; and, t ts 
always happens, when a difcovery is the topic, fome have ex* 
aggerated its advantages, and others have defpifed it* This 
diverfity of opinion led our aifociate, citizen Charles Boffi, 
(qu. Roffi) to propofe two judicious queftions to me, which I 
have endeavoured to refolve in the following letter, written to 
him in the beginning of Vendemiaire. I could eafily have fwelled 
it to greater extent by additional reafons and numerous infiances 
of cures obtained by means of galvanifm and electricity, as 
well as with others of misfortunes, occafioned by thefe fluids, 
and with the confiant correfpondence which I have obferved 
between the moral powers, that is to fay, the firength of mind 
and courage of the victims of jufiice, and the effeCts of the 
galvanic fluid upon their bodies; but thefe obfervations belong 
to the general report of the experiments we have made fince 
the 126 th Thermidor ; I (hall, therefore, confine myfelf to pre- 
senting you the letter which I wrote at the above-mentioned 
time. 

Queftions for You afkcd me, in one of our late academic fittings, 

tfUcuffion. whence it arofe that, after the number of experiments made 
by the mod able philofophers of the paft age, on the electric 
fluid, the difcovery of which is one of its mod brilliant con- 
quefis, fo little is determined relative to the medical aCtion of 
this fluid on the human body ; and whether galvanifm appears 
really already to promife refults of more utility in the art of 
healing? I (hall inform you what my opinion is, or rather, I 
(hall fubmil to you the inferences, which the different experi- 
ments made by me alone, or in which I have afiifted and wit- 
nefled, have enabled me to draw with more certainty than I 
ever dared to hope when I began ferioufly to engage in this 
purfuit. 

Galvanifm con- I confider galvanifm as a modification of electricity, which 
fideredasamo- renders that fluid more aCtive ; as the fmall flame, feparated 
trUityl° n ° fcl€ ^^ "ky the blow-pipe, is infinitely more powerful than the large 
flame from which it proceeds. I have read feveral experi- 
ments to the clafs, which iupport this parallel between eleCtri- 
Proofs of its ef- city and galvanifm. Animals which had been only ftunned 
fefts on animals, by the moft powerful explofions of the magic table, were 
killed in lefs than three minutes by galvanifm, which was far 
from being flrong. 


The 
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* The fluid of a pile of 25 pair of plates of fllver and zinc, on metals and 
of thefizeof a crown piece, feparated by difcs of padeboard water » 
moittened in water, faturated with muriate of ammonia, oxi- 
dates the metals by decompofing the water, while it is fcarcely 
perceptible to the fingers, and (hews but very fmall fparks. 

Brilliant eledric fparks, which are (harply felt by our bodies, 
do not oxidate the metals, or decompofethe water, if they are 
not fo drong as to explode. On palling the galvanic dream 
through the body of a frog, it has happened that his humours onYrogs. 
have been decompofed, and I have feen him fwellfo prodigioufly, 
that he was unable to fink himfelf below the water, though 
perfectly lively ; this I have never obferved in frogs tormented 
by exploding fparks. All thefe fads;, to which I could add many 
others, prove the fuperior adivity of galvanifm, when com- 
pared with eledricity. Hence it refults, that the fluid from Utility of Volta’s 
the eledro-motor of Volta may be highly ufeful in cafes where ele&ro-motor. 
the ordinary eledricity is not fufliciently adive. You are ac- 
quainted with fome of the experiments which I have made 
with my colleagues, Julio and Rofii ; we have others dill more 
intereding, which have determined phyfiological fads that 
have always been doubtful from a want of the means of veri- 
fying them. Ladly, we have tried the application of it in fe- 1 
veral diforders with the greated fuccefs. Here are three in- 
dances : 

A lady, about 30 years of age, after a continuation of vio- Cure of agutta 
lent pain in the head, lod the fight of the right eye. Citizen 
Rolfi was confulted on the complaint, and after a careful exa- 
mination of this eye, which to appearance was as healthy and 
clear as the left, he concluded that it could be only a paralytic 
of the optic nerve, or what is called a guttafertna , which, al- 
lowing the patient to fee only a thick mid, increased her mif- 
fortune, while it alfo contributed to derange the tight of the 
other eye, fo that (lie was in continual fear of falling, and was 
not even able to difcern with the right eye thofe objeds which 
were within her reach. Rolfi, being indifpofed, fent to me to 
apply galvanifm. I formed a pile of thirty pair of fuch plates 
as are mentioned above, and making ufe of gold cords for con- 
ductors, I caufed the galvanic dream to enter clofe to the ex- 
ternal angle of the eye, and to pafs out fometimes through the 
eye-brow ; fometimes exadly at the opthalmic vein, which 
goes through the hole of the orbit ; and fometimes clofe to the 

internal 
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Internal angle of the fame eye. The operation was attended 
With fome pain ; it caufed tears to flow abundantly j but after 
having received fucceffive galvanic (hocks for half an hour; the 
fight of the eye began tQ be refiored. Being unwilling to fa* 
tigue the lady, and to allow time for nature to 0&, the opera- 
tion was fufpended until the evening, when it was repeated for 
thirty minutes alfo. The following day the eye began to per- 
ceive the outlines of bodies. Having repeated the operation 
for three fucceffivedays, (he not only was capable of feeing ob- 
jects and the phyfiognomy of perfons, but even the balls of their 
eyes. Before this operation, in confequence of a confutation with 
doltor John Baptifte Anfomi, firfi phyfician to the Hofpital de 
la Charitd, I had galvanifed a girl of 27 years of age, of a 
Cure of a para- melancholy habit, who, after fome (light attacks, had a hemi- 
theeyeb^gd- ° f P ara tyf is of the right fide, which particularly affe&ed the arm, 
vanifm. the cheek, and the eye. The other fymptoms had yielded .to 
bleeding, and the ufe of fuch other remedies as had been indi- 
cated, but the eye remained conftantly fixed, with pains in its 
mufcles. Ten minutes of galvanifation were fufficient to ex- 
cite an abundant flood of tears, and a difcharge of water 
through the noftril on that fide which had been always dofed 
after the above attack ; the pains in the mufcles were alfo 
much alleviated ; file could even turn the eye to either fide, 
but had great difficulty to raife or deprefs it, accompanied with 
a fenfation of weight round the eye. The operation was re- 
peated after a day’s repofe, which refiored the complete free- 
dom of motion to the eye, and freed it from every unpleafant 
fenfation. 

Thefe two operations were performed in the prefence of fe- 
veral perfons, and executed almoft wholly by citizen Hea- 
cinthe C arena, teacher of phyfic in the national college of 
Turin. 

Cure of the hy- The advantages of galvanifm will appear dill more deci- 
drophobia by | fively to you by the cure of the hydrophobia, lately accom- 
galvanifm. pished by citizen Roffi, who will give a detailed and exaft ac- 
count of it in an interefiing memoir, on which he is employed/ 
A man whohad been bitten on the middle finger by a mad dog 
came to confult hinufor the pains he felt in his arm and back, 
and particularly in the finger, which had been bitten a month 
before. The aftual cautery, applied to the finger, removed 
the pains, but iq a few days they returned, accompanied by 
4 fymptoms 
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fymptoms of hydrophobia. He could no longer bear the fight 
of water without ihuddering ; an inflammation of the throat 
obftruCted his fwallowing even chewed bread, and a violent 
defire to bite appeared every inflant. 

In this ftate he was brought to citizen Rofii, who perceiving 
that he could not endure the fight of water, or even of any 
Ihiningbody, prepared, in another room, a pile of 50 pairs of 
zinc and filver plates, feparated by 50 difes of pafteboard, 
moiftened in a folulion of muriate of ammonia ; he then made 
ufe of fmall (trips of moiflened white brown paper for a con- 
ductor, on which he caufed the naked feet of the patient to be 
placed, and at the moment he opened his mouth to bite, he 
thrufl in the end of the conduCting-rod, which communicated 
with the other extremity of the pile. The patient fuffered 
much during this operation, which, after feveral fhocks, ren- 
dered him fo weak, that he was unable to Hand : being then 
extended on the floor, he was galvanifed with facility. The 
operation produced a copious perfpiration. After fome time, 

Rofii caufed the man to be carried home, with directions that 
he (hould be brought again the following day, that the opera- 
tion might be repeated. It was at two o’clock in the afternoon 
that the patient was galvanifed, at fix o’clock on the following 
morning he came alone to citizen Rofii, to tell him he was 
perfectly cured, for he felt no pain, nor difficulty in fwallow- 
ing, and had entirely loft all averfion to water and other li- 
quids : but no arguments could induce him to fubmit to ano- 
ther operation. 

In a few days after, fome flight pains having caufed him to 
dread a new attack of the hydrophobia, he returned to Rofii, 
who, by galvanifm, again removed all the fymptoms. This 
cure was likewife performed in prefence of feveral people. 

The patient is poflfefied of fuch fenfibility, that more than a 

month afterwards he felt the fenfation of galvanic (hocks as 

for as his (houlders, which I could fcarcely perceive 'beyond 

the third joint of the finger, and I am not among theleaft fuf- 

ceptible. From thefe eflays you will perceive wl at benefits 

may be hoped from galvanifm. I do not doubt that an agent Benefits to be 

of fuch activity may be the means of preferving many indivi- from 

duals from the grave, by applying it at the moment when an 

accidental caufe has fufpended the functions of the vital organs. 

Vol. V. — June. I This 



m 


Difference of 
opinion concern- 
ing elettricity, 
arifing from its 
mifapplication. 


Ele&ricity may 
do harm when 
injudicioufly ap* 
plied. 


New remedies 
injudicioufly 
over-rated, &c. 


ON THE ACTION OP GALVANISM, 

This will become more obvious from the explanation of the 
medical a6tion of eledlricity on the human body. 

Several celebrated writers have placed eledlricity among 
the moft certain and adfcive remedies ; others have demonflrat- 
ed the inutility and even danger of this fluid as a remedy ; 
each of them have fupported their opinion by well-afcertained 
fadls. 

Nothing. is more eafy to be accounted for when we refledk 
on the very great number of thofe, who, in the application 
of eledlricity as a medicine, have only adled empirically with- 
out having confiilted the nature of the diforder, or of the agent 
by which they intended to cure it. It is for this reafon that, in 
the memoir which will appear in the volume of the academy, 

I have recommended the greateft caution in the ufeof galvan- 
ifm, which, like eledlricity, may do a great deal of harm ; 
and that I have aflerted that this remedy, though very excel- 
lent in itfelf, has done more harm than good in confequence of 
improper application. I (hall not fpeak of the chimerical pro- 
perties which, in the enthufiafm of novelty, have been attri- 
buted to eledtricily, fuch as that of conveying to the human 
body, by fridtion with them, the adlion of remedies fealed up 
in glafs tubes. 

It is notorious that it is the fate of every new difeovery to be 
fo over-rated, that its opponents are at no lofs for reafons to- 
objedt to it, but after fome time things are brought to the pro- 
per level, eftabliflied by the more intimate knowledge of the 
agent. Thus thofe who are fufficiently acquainted with the 
properties of eledlricity, know' how to diflinguifh the cafes in 
which it can be employed to advantage from thofe in which 
it would be injurious. Of ten patients affedled with the 
fame complaint, who undergo a fimilar courfe of eledlricity, 
five may be entirely cured, and the other five fhall be verj 
ill. 

Thofe who are cured extol eledlricity as the beft of reme- 
dies j thofe who fuller fay that it only increafed their com- 
plaint ; both fpeak from accurate experiments ; both are right 
and wrong at the fame time from making the application too 
general, that is to fay, becaufe they do not diltinguifh the 
caufe of the diforder which requires to be oppofed by the ufe 
of eledlricity* I will explain myfelf ; The fame complaint, 
4 for 
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for infianceyHaftVa *, may be occafioned either by obftruCted 
humours, by their too great quantity, or by a defect in the re- 
action of the folids; it may alfo arife from organic defeats, 
from a change in the humours, from a venomous, or as it is 
called an acrid principle, or from a peculiar virus which is 
found in the humours. 

Thofe five who are affected from an obftruCtion in the hu- 
mours receive the greateft benefit from electricity, which fets 
them in motion ; the other five, who are tormented by a fcia- 
tica proceeding from vitiated humours will grow worfe under 
the eleCtric treatment, which increafes the acridity of the hu- 
mours, carrying off part of the water which kept the poifon 
diluted. This theory of the effects of eleCtricity on the human 
body is founded on the nature of this fluid, and on the proper- 
ties it manifefts in numerous experiments. 

The eleCtric fluid tends conftantly to an equilibrium, and Conibint ten- 
this tendency is fo ftrong, that it is feen to penetrate through fluid to 

the air to a certain difiancc, and to fpread itfelf on idio-elec-an equilibrium, 
trie bodies. It is this tendency which caufes eleCtrifed water urg f d * s . tfie 

J . mode of its ac— 

to run in a continued flream through capillary fyphons, whence tion. 

it pafles flowly in drops, if the electrization is flopped. It is 
by the fame tendency that eleCtricity accelerates the circulation 
of the blood in animals +, and of the humours in vegetables. 

It is, laftly, by the fame tendency that when the eleCtric fpark 
pafles from one conductor into another by connecting wires, if 
the cohefion of the body be not fufficiently great to prevent it, 
it takes with it, in its paflage, feme of the conducting particles, 
which ferve it as a vehicle. This property, which is mani- 
fefled by the ordinary effects of thunder, and of feveral expe- 
riments, fhews the caufe of the increafed evaporation of elec- 
trifed liquids, and the greater tranfpiration of animals and ve- 
getables under fimilar cireumftances. It is clear, therefore, 
that in every cafe of obftruCted humours, if other fymptoms do 
not forbid, eleCtricity will be a very good remedy ; on the 

# DoCtor Balbis obferved to me, that all the fpecies of feiatica 
t could be very well accounted for without having recourfe to the 
hypothefis of corrupted humours $ I replied to my learned brother, 
that it was my defire to compare my theory with the chief theories 
of fciatic affeCtions without attending to their probability. 

f VanMarum feems to have afeertained that it does not produce 
this effeCt. See his account of the Haarlem machine.— N. 

I 2 contrary. 
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contrary, if the complaint proceeds from vitiated humours, or 
from a diluted virus being contained in them, then electricity, 
either by evaporating the diluting humour, or by caufing a 
greater change, will be hurtful. Hence it is evident, that 
electricity and galvanifm ought to be ufed with the greateli 
circumfpeCiion, and that the nature of the diforder, as well as 
of thefe fluids, muff be conlidered, before it can be decided, 
whether the application is proper or not. It muft alfo be ob- 
served that this remedy, on account of its activity, like all 
other remedies, however good they may be, becomes dan- 
gerous when abufcd. 

An inftance of I might bring many inftances of injury occafioned by the 
Imprudcntap 1 - roi^pphcation of electricity, even in cafes where a (hort time 
plication of gal- before it had been indicated. But I (hall only produce one 
vaniim. cafe re ] a ^j ve to galvanifm. A young female had been cured 

of pains in the mufcles of her face by galvanifm ; but after the 
cure, in confequence of continuing the application fhe did 
herfelf harm, which increafed by the galvanifation, and did 
not ceafe until (he left herfelf intirely to the powers of nature, 
afiifted by nourifhing food. The patient, who is not capable 
of forming an opinion on the ftate of his health, muft therefore 
confultanable phyfician, one who does not defpife nature and 
new difcoveries. By this caution he will never be hurt by the 
application of electricity or galvanifm, which as Boerhaave 
fays {Elan. Chemioc, pars. 3. procejfus 198.) of another very 
active remedy : mire procftat in multis incurabilibus : at pruden- 
ter a prudenti medico , abjiine fi methodum nefcis . 


IX. 


Account of txco Mufquets of peculiar ConJlruSlion for the Purpofi 
of quick firing. — W. N. 


Two mufquets THE two pieces are the property of the Rt. Hon. the Earl 
eariofWa7- thC of Warwick, who has permitted me to examine and deferibe 
wick* them : both have the name Win. Martindale , Londini , in gold 

upon the barrel, and the fafhion of mounting them is little dif* 
ferent from that as prefent ufed. This name might perhaps 
fix the time of their fabrication nearly, if the regifters of the 
Armourer's Company, or other fimilar books were to be con* 

fulted. 
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fulted. I fhould fuppofe them to have been made about a 
century ago. Neither of them is in good condition. 

One of thefe pieces is conftrufled precifely on the principle. One refembfea ' 
and with the fame parts, as the piftol belonging to Lord 
melford, which was defcribed in our laft Volume, page 250, 
but the workmanfhip is not fo good. The chamber piece is of 
brafs, and the barrel is 30§ inches long. I think the maga- 
zine would hold nine or ten balls. 

The fecond piece is on a different conftrufiiion. It feems Defcription of 
to have been invented before the other, probably by the fame thc other. It 
perfon. The barrel, which is 39 inches long, has no breech pr i mcs at oncc# 
pin, but is perforated clearly through. The ufual charge of 
powder and ball is lodged in a feparate iron cylinder, (Fig. 3, 

Plate VIII.) two inches and three quarters long, and of the 
fame bore as that of the piece itfelf, namely a little more than 
half an inch, or 0.54 inch. The metal of this cylinder is about Defcription of a 
one twelfth of an inch thick, and it is lodged for aftual fervice 
in the pofterior part of the bore of the gun, which is enlarged 
for the purpofe of receiving it (fee Fig. 2, letter G.) The 
gun is provided with five of thefe cylinders, four of which are 
lodged in cells in the flock ready for ufe, while the fifth is 
fuppofed to be placed in the gun itfelf. There is a touch hole 
in the cylinder which anfwers to another in the barrel that 
opens into the pan ; and this laft is a cylinder fixed to the bar- 
rel itfelf, having an excavation on its upper furface for lodg- 
ing the priming (B, Fig. 1 and 2.) Immediately btl i id the 
breech end of the barrel there is a receptacle in the flock, or 
rather in the barrel itfelf (E), for lodging the charged cylinder 
previous to Aiding it into the chamber of the barrel. It is to 
be obferved, that the metal of the barrel is continued back 
four inches farther than the termination of the bore, and that 
it is in this ftrong metallic part that the receptacle E is made* 

The lock itfelf is attached to the piece by having the part im- 
mediately beneath the (hutting face of the hammer, fitted upon 
the fixed cylindrical pan B, and fecured by an end ferew fo as 
to move round upon that cylinder. So that if is to be under- 
flood, that the lock plate can either remain in the ufual pofi- 
tion, or may be brought up to a pofition in which its length 
(hall be rather mpre than at right angles with the length of the 
barrel, as in the line H. In this lafl pofition the priming is 
given, and the piece cocked exactly by the fame means as in 

Lord 
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Defcri ptum of a Lord Camelford’s piftbl, excepting that here the lock itfelf 
qirick; U firing. performs the motion, inftead of the cylinder that carries the 

*- pan, which continues unmoved. In Fig. 1 . the ftud D pro- 
ceeding from the barrel reads upon the hammer, and (huts it 
at the fame time that the flat bar proceeding from the cock 
comes to reft on a notch in the barrel, and caufes it to acquire 
the petition of full-cock. Fig. 2. is a fe&ion of the barrel feen 
end wife, and of Lhe lock raifed up. When the lock, and the 
piece to which it is fixed are returned to the ufual (ituation, 
the receptacle E is filled by a folid piece of iron, which forms 
a portion of AC, and efiedually refifts the' recoil which the 
piece C would otherwife undergo. At A is a catch that ferves 
to fecure the lock and apparatus in the lad-mentioned polition ; 
but w r hen the gun has been dilcharged, and the fubfequent 
operations are to be refumed, that catch is drawn back, and 
the fpring C throws the appparatus of the lock a little way up, 
in oider that it may be then raifed, and the empty charge- 
piece taken out and another put in, &c. 

It may perhaps be confidered as loofe conjecture to fuppofe 
thefe guns were originally invented by the Marquis of Wor- 
cefter, whofe 99 Century of Inventions” was publ idled about 
1655, and hath fince been reprinted by various publidiers, 
and in periodical works. Out of this work I copy the follow r - 
ing, which will at leaftainufe the reader. 

Accounts of in- “ 58. How to make a piftol difeharge a dozen times with 
^ ukk firing by oncc loading, and without (b much as once new priming requi- 
thc Marquis of fite, or to change it out of ohe hand into the other, and ftop 
WorccItcr ‘ one’s horfe.” 

This feems to have been the piftol of Lord Camelford be- 
fore deferibed in our Journal, and the fnft of the guns here 
mentioned. 

<r 69. Another way as faft and effectual, but more proper 
for carabines, 

“ 70. A way with a fla fk appropriated unto it, which will 
furnidi either piftol or carabine with a dozen charges in three 
minutes time, to do the execution of a dozen (hots as foon as 
on£ pleafeth proportionably. 

“ 71. A third way, and particular for mufquets, without 
taking them from their refts to charge or prime, to a like exe- 
cution, and as faft as the fiafk, the mulquet containing but 
one charge at a time.” 
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I fuppofe this laft to have been the contrivance, of whid’h the Accounts of in- 
fketch is given in Plate 8. b 

“ 72. A way for a harquebufs, a crock, or (hip mufquet, th^Marqufs of 
fix upon a carriage, (hooting with fuch expedition, as without Wercefter. 
danger onemay charge level, and difchaige them (ixty times 
in a minute of an hour two or three together. 

“ 73. A fixth way, moll excellent for fakers, differing from 
the other, yet as fwift. 

<r 74*. A feventh way, tried and approved before the late 
king (of ever blclfed memory) and an hundred lords and com- 
mons, in a cannon of eight inches half quarter, to (hoot bullets 
of 64 pounds weight, and 24 pounds of powder twenty times, 
in fix minutes ; fo clear from danger, that after all were dif- 
charged, a pound of butter did not melt being laid upon the 
cannon -breech, nor the green oil difcoloured that was firft 
anointed and ufed between the barrel thereof and the engine, 
having never in it, nor within fix feet, but one charge at a 
time.” 

The diameter of this piece is fully fufficient to carry an iron A Chincfe can- 
ball of 64lb. I fuppofe this contrivance to have been the 
fame as one which was ufed in China much later, viz . in the chambers, 
year 1725, in the third * year of the emperor Yong-tckeng, 
and made from a model prefented by the chief of one of the 
provinces. Its bore was about one inch, and consequently it 
threw a bail oflefs than four ounces of iron, or fix of lead. A 
receptacle was made in the hinder part of the barrel, fimilar . 
to the mufquet juft deferibed j but inftead of the charge being > 

lodged in the kind of iron cartridge, Fig. 3, Plate VIII. there 
was an a&ual breech piece for containing the charge, which 
piece was lodged in the receptacle when in fervice, and could 
be placed or replaced by an handle like that of any other vef- 
fel. The gun was provided with four of them. If the Mar- 
quis of Worccfter's great gun was of this defeription, the heat 
would be chiefly produced in the (hifting piece, and confe- 
quently the gun would, as he fays, continue cool. This (hift- 
ing piece mud have been very weighty, even without its 
charge, and little durable in its fitting. 

“ 75. A way that one man in the cabin may govern the Inventions of 
whole fide of (hip mufquets to the number, if need require, of Worcffcr foe 
2 or 3000 (hots. quick firing. 

* Memoirs concernant let Chinois, vol. 7. Paris, 1782. 
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“ 76. A way that againft feveral advances to a fort or cat- 
tle one man may charge fifty cannons, and flopping when he 
pleafeth, though out of fight of the cannon. 

“ 77. A rare way like wife for mufquetoons, fattened to 
the pummel of the faddle, fo that a common trooper cannot 
mifs to charge them with twenty or thirty bullets at a time, 
even in full career. 

“ When I firft gave my thoughts to make guns [hoot often, 
I thought there had been hut one only exquifite way invent- 
able, yet by feveral trials and much charge I have perfectly 
tried all thefe.” 


Of Rain . By Richard Kir wan, LL.D . F.R,S. Prefix 
dent qf the Royal lrijh Academy , fyc. *• 

Rain is not Diminution of the temperature of air, replete with 
Sgeration”" moifture, below the degree at which its faturation takes place, 
whether this refrigeration were caufed by rarefadion, or by 
the intermixture with colder air, has been generally fuppofed 
the caufe of rain ; but this hypothefis in both its branches has 
been fatisfadorily refuted : the firft by Sauffure f and the fe- 
cond by De Luc t- And in fad refrigeration will indeed 
feparate moifture from air cooled below the temperature ne- 
for this produces ceflary to hold it in folution. But this feparation will termi- 
4ew or clouds* na j e# jf gradual, in the production of dew, as already feen, 
or, if fudden, in the produdion of a cloud, as in the experi- 
ment of Tornea mentioned by Maupertuis, but cannot nor has 
in any inftance produced rain . 

Slain is caufed Rain is the immediale refult of the union of the particles 
ilSSST w ^ ,c ^ ^ orm c l° uc * s » anc * union is the confequence of the 
fubtradion of the eledric atmofpheres which keep them at a 
diftance from each other ; antt this fubftradion is itfelf the con- 
fequence either of the fuperior attradion of better condudors 
or of the attradion or repulfion of other clouds through the 
caufes mentioned in the firft fedion of this chapter* The 

* Irilh Academy, 1802, p. 487. 

+ Hygrom. § 2*4. 

| De Luc Idees de Meteorologie, p. 43, &c. 

confequence 
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confequencc of the attraction of clouds is their incorporation, 
and the refult of their incorporation is the increafed volume of 
their conftituent particles, an increafe proportioned to the at* 
tra&ion that produced it; the increafed volumes, thus pro- 
duced, form thofe drops whofe collection we call rain. The 
weight of thefe being fuperior to the refinance of air, they 
neceflarily defcend, and the caufe of their different fize is thus 
clearly difcerned. * 

The repuliion of clouds fimilarly electrified, and not greatly Developementof 
differing in magnitude, terminates in a bare increafe of dif- the efteftu 
tance ; but, if their magnitudes be much difproportioned, it 
may terminate in attraction , or at leaft in forcing the confti* 
tuent particles into clofer contaCt, and thus by incrcafing their 
magnitude effeCt the fame refult. 

When the attraction takes place between clouds differently 
and highly eleCtrified, and within what electricians call the 
ftriking diftancc , the eleCtric fluid is fet free, the coalefcence of 
the nubilous particles is more rapid and complete, and hence 
the large drops that follow flafties of lightning, or even floods, 
where the quantities both of vapour and electron are confider- 
able, as between the tropics. 

Upon thefe principles moft of the phenomena relative to rain 
appear to me eafily explicable ; of thefe the moft remarkable 
are : 

1. That rains are more copious but lefs frequent in the Phenomonaof 
fouthern parts of our hemifphere not much elevated over the rain# 

fea, than in the more northern latitudes. They are more co- More copious but 

pious when their productive caufes occur, evidently becaufe lef * fluent lJL 

the quantity of fufpended vapour is much greater in the hotter 

than in the colder regions ; but they are lefs frequent, becaufe 

the variations of wind in different directions which introduce 

and intermix clouds indifferently electrified are lefs frequent ; 

this might be proved by inftancing the rainy feafons between 

the tropics, were it not that this illuftration would extend this 

paper to too great a length. Even in moderately elevated 

iituations between the tropics, if infulated and of fmall extent 

as the ifland of St, Helena, it feldom rains. 

2. That, in the temperate latitudes, rains are alfo more Moft copious 
copious, though commonly lefs frequent, in Jutnmer than in quencinfummer 
winter , for the reafons already afligned. Dry fummers are 

then the confequence of uniform winds, from whatever quar- 
ter 
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ter they may blow, as wet fummers are of their variation, paN 
ticularly if in oppofite directions, and if they reach heights 
fuflicient to intermix the clouds that fubfifted during the reign 
of their antagonifts. 

Southerly winds 3, Southerly winds are moft frequently accompanied with 

Europe* 111 W ra * n > * n n10 ^ P arts Europe at leaft, and probably in moft 
parts of our hemifphere ; but northerly and eafterly, with clear, 
dry, and ferene weather. Becaufe foutherly winds are not 
only warmer, proceeding from warmer climates, butalfo more 
highly electrified than the foil of the colder countries into 
which they flow. Hence the copious vapours they contain are 
quickly deprived of part of their electron, and thus converted 
into clouds ; but the fuperior ftrata of the atmofphere under 
which the fouthern air is introduced, not being fupported by air 
as denfe as that which fubfifted under them before their intro- 
duction, neceffarily defeend and mix with the inferior fouthern air ; 
by this intermixture they are warmed, and deprive the clouds 
already formed and in its vicinity of part of their electron, or 
pei haps in conformity to the eleventh principle, they are thesn- 
felves deprived of part of their eleCtron by thofe clouds, and 
the vapours they contain are thus converted into clouds ; in 
either way clouds differently electrified muft be formed. Hence 
proceeds their gradual attraction to each other which termi- 
nates in thofe gentle fhowers that ufually accompany this wind. 
Northerly and eafterly winds on the contrary, proceeding from 
colder countries are lefs highly electrified than the foil of the 
countries they invade ; and hence from the oppofite reafons to 
thofe juft mentioned they introduce ferene weather and a dif- 
pofition adverfe to nullification. 

The reafons hitherto adduced to explain the different effeCts 
of thefe different winds, evidently arofe from an ignorance of 
the origin and progrefs of thefe winds. It was imagined that 
foutherly winds, flowing into colder countries were fuddenly 
cooled by an intermixture with the colder air of thofe coun- 
tries, and that thus their vapours were condenfed into rain, 
yet,* even fo, this intermixture could only produce clouds and 
not rain, but in faCi this intermixture cannot take place, ex- 
cept with the fuperior and unmoved ftrata of the atmofphere, 
and thefe alone could not produce numerous clouds, much 
lei’s copious rains ; for the air of the countries into which thefe 

foutherly 
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foutherly winds flow, muft itfelf have flown northwards, be- 
fore the more fouthern air could enter upon them, as (hewn 
p. I ‘29. 

Moreover, foutherly winds retain much warmth, and north- 
erly winds are fo much colder in the countries into which they 
are introduced, that their temperature cannot be fuppofed 
fufficiently altered to depoiit much vapour in the one cafe, or 
diflolve much of that already condenfcd in the other ; on the 
contrary, the warm foutherly wind (hould diflolve the clouds 
already formed, and the northerly, by their encreafed cold, 
fhould produce many more. 

Hence eleCtrical agency muft of neceffity be recurred to, 
though I do not doubt bu» it may be more correCtly applied by 
perfons better verfed in eleCtrical knowledge than I can pre- 
tend to be. Currents of air flowing in different directions at 
different heights in the atmofpliere, muft undoubtedly be inti- 
mately connected with ihcfe efteCts, but with thefe we are at 
prefent too little acquainted. 

4. That a difpofition to rain is generally connected with a The dlmlnHhed 

diminution of the weight of the atmofphere, as is a difpofition we, &ht °f th^ 

. , , ? r x r . atmofphere in- 

to icremty with the increafe ot its weight. Becaule undei creates evapora- 

the dimiiuftied weight of the atmofphere, the eruption of va- t,( ? n and ca ufes 
pours both from land and water is much more copious, a dif- 
pofltion highly favourable to nubifleation, and the clouds al- 
ready formed defeend lower, are more concentrated, and 
hence more difpofed to reaCt upon and atlraCt each other and 
thus produce rain. The increafed weight of the atmofphere 
muft produce oppofile eflfeCts and induce a difpofition adverfe 
to the production of rain. 

5. That more rain falls on the furface of the earth than on More rain falls* 
fmall elevations above it, as from 30 to fome 100 feet: fee 

Phil. Tranf. 1769, p. 361 ; and of 1771, 297 ; and of 1777, elevations, 
p. 256. This etfeCt feems to me to proceed from the greater 
ftillnefs and tranquillity of the air near the furface of the earth 
than at greater elevations. To prove this, it is only neceflary 
to colled the rain that falls in moderate weather on both fitu- 
ations, with that which falls on both, in more ftormy weather. 

If this explanation be juft the difference between the quanti- 
ties collected in both fltuations will be found greater in the 
latter than in the former cafe. This experiment I (hall make, 
and communicate the refult to the academy* 


6 . That 
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Rain on moun- 6 . That th£ quantities of rain collected at the top of high 

war them Pla,nS mounta * ns * anc * on plains about half a mile diftant from thole 
mountains are nearly equal, but in fummer there falls fome- 
what more on the plains, and in winter fomewhat lefs. Phil. 
Tranf. 1771, p.295. The greater quantity of rain collected 
in fummer on plains appears to me to proceed from the caufe 
juft mentioned, the lefs difturbed ftate of the atmofphere ; but 
the quantity of rain gained through the influence of this caufe 
is often, in great meafure, com pen fa ted by that anting from 
the condenfation of fogs formed on the fummits of mountains, 
particularly at night, when neither fog nor rain exift on the 
plians. But in winter, thefe mills being much more frequent 
and denfer on the fummits of mountains, the quantity of moif- 
ture which they depofit is far more confiderable. 

More rain on the 7. That it rains much more on the weftern coafts of mod 
wefterly coafts parts of Europe, particularly if mountainous, than in the in- 
terior parts of thofe countries, or on the eaftern coafts of the 
Britannic iflands. 

The caufe of thefe phenomena is very obvious. Wefterly 
winds are by far the moft frequent in moft parts of Europe ; 
thefe flow from the Atlantic which bounds it, and generally 
convey marine clouds electrified differently from the foil or 
land over which they flow, as alfo from that of the higher 
clouds under which they reign. Hence proceeds their mu- 
tual attraction, and thence rain. This effeCt muft take place 
principally on the weftern coafts ; when they proceed further, 
this different eleCtrical ftate muft either ceafe or be diminithed. 
When the coafts are mountainous, thefe mountains quickly ab- 
lord the eleCtric matter contained in the weftern blafts, and by 
collifion, condenfe the vapours they contain, firft into clouds, 
and finally into rain. Hence it often happens that wefterly 
winds, particularly in fummer, produce no rain, either be- 
caufe they introduce no clouds, or meet with none differently 
electrified. 

Countries where 8. That in fome countries it fcarce ever rains.— This arifes 
it never rains, from local circumftances, as is apparent in the following in- 

Peru* ftances : 1 . It never rains on the plains of Peru from the gulf 

of Guyaquil, nearly under the equator, up to latitude 23° 
fouth, nor is thunder ever heard there, though thefe plains 
border on the Pacific Ocean, but they receive a flight dew 
every night. Bouguer, fig. de la Terre XXIII. 2 Ulloa's 

Mem. 
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Mem. p. 157. 12 Phil. Tranf. Abr. 132. Plainly from the 
following reafons : Thefe plains are entirely Tandy, and, con- " 
fequently, emit very little vapour, being foon parched by the 
heat that there prevails ; confequently the intermixture of ma- 
rine vapours can produce no effect. Again, the clouds in 
thefe tracts are elevated to a great height, and are attracted 
by the electrical agency of the Cordellierres that border on 
thefe plains, to their lofty fummits, and there produce copious 
raiqs ; hence alfo the Tandy and extenfive defarts of Arabia Arabia.' 
and Africa are feldom refrefhed by rain. 2. It fcarce ever Africa, 
rains in Egypt, particularly in Upper Egypt. Now it is to Egypt, 
be obferved, that Egypt is fo lituated betwixt lofty mountains 
that no wind can enter it without palling over them, but the 
northerly winds, which ilfue from the Mediterranean ; for a 
foutherly wind mud pafs over the mountains of Abyflinia ; an 
eafterly, over thofe that intercede between the Red Sea vwd 
the Nile, and proceeding from the Defarts of Arabia, can 
convey little or no vapour ; and weftorly winds mud pafs over 
the Defarts of Africa and Mount A Las. Now the northerly 
wind does not begin to blow until the month of June, when 
Egypt is fo fcorched as to emit fcarce any vapour, and the few 
clouds it may convey are attracted by the mountains of Abyf- 
finia. Towards the middle of June the inundation of the 
Nile, it is true, commences, and then, as the northerly wind 
Gill continues, perhaps rain might be expected, but little at- 
tention being paid to it then, we are not informed whether 
any falls or not, perhaps tfie clouds then alfo pafs to the moun- 
tains of Abyflinia, whither this wind conveys them, and which 
they deluge with rain ; all other winds depofit their moifture 
on the reverfe of the mountains they pafs over. 

Prognoftics qf Rain . 

When the barometer falls, and the hygrometer rifes, rain is Prognoftics o£ 
announced. rain * 

When the barometer rifes, and the hygrometer falls, we may 
expeCt fair weather, if farther changes do not appear in thefe 
inftruments, as fometimes there fuddenly do. 

If the barometer falls and the hygrometer alfo, windy wea- 
ther will probably follow— particularly if the barometer falls 
much below its natural height, which in Dublin is from 29,9 
to 29,98. 


Again, 
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Again, in the morning the hygrometer is generally higher 
than at noon, by rcafon of the difference of temperature ; but 
if it Aands lower at noon in a greater proportion than the dif- 
ference of temperature demands, it prognofticates fair wea - 
ther . — On the contrary, if at noon it be higher than it flood in 
the mdrning, rain may be expected. Sauff. Hygr. p. 356. 

To forefee the Rife or Fall of the Barometer in Day-time • 

Pregnoftics of Obferve it at feven o'clock in the morning, and afterwards 
change- the a t n j ne an d a t ten. If it remains fteady, its next motion will 
probably be downwards . So alfo if it falls within that interval 
of time, the probability is, that it will fink ftill lower. But if 
it rifes within that interval, the chances of a greater rife or of 
a greater fall are equal. 

Again, obferve the barometer at one in the afternoon, and 
again at three ; if it remains unmoved, it is probable that it 
will rife, but it it has fallen, the chances of a farther rife or 
fall are equal. 


XI. 


Ol/fervations and Experiments undertaken with a View to deter w 
mine the Quantity of Sulphur contained in Sulphuric Acid ; and 
of this latter contained in Sulphates in general. By Richard 
Chenevix, F m R. S. and M. R . I. A. (Irifti Acad. 1802.) 


Uncertainty in 
the analyfis of 
pyrites from the 
combuftion of 
the fulphur. 


IN a paper which I had the honour to prcfent to the Royal 
Society of London, and the fubjett of which was the analytic 
of fome arfeniates of copper, and of iron, I had occafion, in 
examining many pyrites, matrices of thofe ores, to remark the 
very great inequality which prevailed in the refults of repeated 
experiments, made with a view to determine the proportion 
of fulphur. But I foon perceived, that the inaccuracy was 
caufed by a partial combuflion and acidification of the radical, 
through the means of the nitric acid, employed to diflolve the 


ore. 


The burned (ul 
phur, or fulph. 
acid, precip. by 
barytes. 


Having therefore, in the ufual manner, afeertained what 
quantity of that ingredient remained untouched, I was forced 
to feek the reft of it in the liquor, which had waflied the va- 
rious precipitates. To obtain it, 1 poured a folution of' nitrate 

of 
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of barytes into thofe wathings, when all the other fubftances 
bad been carefully feparated, and was thereby enabled to pre- 
cipitate, in a ftate of purity, the fulphate of barytes, formed 
by that earth, and by the portion of fulphur originally acidified, 
in the firft treatment of the ore by nitric acid. To come at 
the knowledge of the proportion of fulphur, contained in a 
given quantity of fulphate of barytes, I had recourfe, in the 
firft infiance, to the quantity of fulphur, faid by Lavoifier to 
be contained in fulphuric acid, and, in the next, to the pro- 
portions of the latter, announced in the fynoptic, tables of 
Fourcroy, as entering into the compofition of fulphate of ba- 
rytes, According to the former of thofe chymifis, 100 parts Deduction of the 
of fulphuric acid contain 7 i of fulphur and 29 of oxygen ; and ^ 

again, in adopting the proportions of the latter, we have 33 received propor- 
per cent, of acid, in fulphate of barytes. But if 100 con- t,ons f n< * 
tain 71 of fulphur, 33 mufi contain 23.4-3. Confequently, for perimfents. 
every 100 parts of fulphate of barytes, I was to allow 23.43 
of fulphur. But, by the refults of my anaiyfes, I had fuch 
quantities of fulphate of barytes, as induced me to doubt the 
accuracy of one or other of the fiatements, by which I efti- 
mated the quantity of real fulphur contained in the ore. 

No perfon is better acquainted than our celebrated presi- 
dent, with the many difficulties that occur in the analyfis of 
falts in general ; particularly with regard to the quantity of 
real acid they may contain. It has been a work of trouble to 
the ableft chymifis, and they have not always agreed in their 
refults. The proportions, announced by Fourcroy, may there- 
fore be doubted, in common with thofe of the other learned 
operators, to whom I have alluded. 


The real quantity of acid, produced by the combuftion of The real quan* 
any acidifiable bafis, can be determined by one or other of the & b ^bnrn 
following methods only : by direct combination, in fome fait, j ng its radical. 


the proportions of which are already known ; or by obtaining, determinable by 
in a ftate perfe&ly free from water, the acid refulting from fomeknownfalt, 
fuch combufiion. To the former method, the general objec- orclfeby obtain- 
tions againfi all analyfis of falts muft apply. The latter is ,ng lhc ac,d dry * 
ltill more detective. It is by no means certain, that we have certain from 


ever yet obtained any acid, in a ftate of perfeCl ticcity, unlefs complexity ; thtf 
we except the phofphoric and the arfenic ; for even the crjftal- c^fwimprafti- 
lized vegetable acids retain a portion of water in their cryftal- cable, 
lization. It is not that I abfolutely deny our having obtained 


them 
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them Co ; but I fay merely, that we have no proof. It would' 
indeed be fetting narrow bounds to the perfection of nature, , 
to affert, that no combuftible body could, when faturated with ‘ 
oxygen, aflume, of itfelf, the ftate of liquidity ; or that the 
oxide of the particular fubftance, called hydrogen, mull be 
prefent to confer that property. Doubtlefs, fulphuric acid 
may, as well as water, contain, in itfelf, fo juft a proportion 
of fpecific heat, as to remain liquid at the temperature of our 
globe, and under the preflure of our atmofphere. But, both 
water and fulphuric acid being eafily volatilized, and having a 
powerful affinity for each other, it is notcafy, if even poffible, 
by diflillation, to feparate them with fufficicnt accuracy, in 
experiments of delicate inquiry. A fecond fource of error, 
therefore, remained open in this branch of the calculation, 
which gave the proportion of 23.13 of fulphur, as that con- 
tained in 100 parts of fulphate of barytes. 

Exp. iooful However, before I would allow niyfelf to call in queftion 
fiedby nitric ^ aut borities as thofe I have quoted, I inftituted the fol- 
acid; lowing experiments: In a tubulated glafs retort, I put 100 

parts of purified fulphur, and poured upon them ftrong nitric 
acid. A quilled receiver, plunging into a Woulfe’s apparatus, 
was adapted to the retort; and, all being well luted, I pro- 
ceeded to diftil. The liquor, which came over, was poured 
back feveral times upon the fulphur, until the whole was dif- 
folved. The water, which had come over, and that, through 
which the nitrous gas, produced during the operation, had 
puffed, were eflayed for fulphureous acid, and no traces of it 
could be found. No fulphur had been volatilized; therefore 
no fufpicion could remain, that all was not converted into fill- 
ed the acid phuric acid. The liquors, which were in the various parts of 

witl^nitrate^f ^ ,e a PP ara tus, were united ; and to them was added a fuffi* 
barytes. cient quantity of nitrate of barytes. The whole was evapo- 
rated gently ; becaufe, though I am well acquainted with the 
very little folubility of fulphate of barytes, I well know that 
nitric acid will retain a linall portion of it, particularly when 

Refults, that formed in a liquor where that acid abounds. In a firft experi- 
loo parts ful- _ , . - ^ . r 

phate of barytes ment, I obtained C 9 4- from 100 of fulphur, in a fecond, 348 

contain 14.5 from 50, and in a third, 347 from the fame quantity. But 
•Uo the oxygen. fim P Ie ru ^‘ ^ ree reduced thefe quantities to 14.6, or 
14.4 per cent, of fulphur, contained in fulphate of barytes j’ 
a difference wholly to be neglefted. If, therefore we take 
2 14.5 
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14.5 as the average, for the quantity of fulphur contained in 
100 parts of fulphate of barytes, we (hall not be far from the 
truth. From the accordance of thefe experiments, repeated 
and varied, 1 have now no doubt, but concerning the fource 
where I was to feek the error, which gave 23.43 as the juft 
proportion. 

To afcertain this point, I operated in the following manner, I- Investigation. 
I prepared fome lime, as pure, I believe, as chymical means bad'by’jb/Mion of 
can procure it. I digefted white marble in muriatic acid ; and, marble in muri- 
by leaving an excefs of the earth, was certain, that by the^5 lf ^^* 
fuperior affinity of lime for that acid, nothing elfe had been ofpotajhy and 
taken up. Upon trying the folution with ammonia, no preci- 
pitate took place. By means of carbonate of potato, I fepa- 
rated the lime in the ftate of carbonate ; and, after well wato- 
ing the precipitate, expofed it in a platina-crucible to a vio- 
lent heat, till the weight no longer diminiflied. I am ac- 
quainted with no more efficacious method to prepare lime, fit 
for the delicate purpofes of fcientific chymiftry. 

One hundred parts of this lime were diffolved in dilute mu- II. ioo p. Kme 

riatic' acid, in the fame platina-crucible, previoufly weighed ; ^ . , 

and then fulphuric acid was added in fufficient quantity. Sul- by fulph. acid, 

phate of lime was precipitated : and the veflel was expofed to antl th e mur. 

* 1 1 4 acid ana water 

a heat, at firft gentle, to evaporate the liquor ; and then, by driven off by 

degrees, railed to a temperature, which could expel every ignition, 
thing but the combined fulphuric acid, and leave the fulphate 
of lime completely calcined. The crucible with the fait was 
then weighed and the augmentation was.7G.-®It appears to The dry ful- 
me, that, if we admit (and I fee no reafon that we (liould not {Je^e^wh^h 
admit it) that calcined lime and calcined fulphate of lime are were dry acid, 
wholly exempt from water, it muft be clear, that the 76 addi- 
tional weight were fulphuric acid ; and, that the fulphuric 
acid muft in this ftate, more than in any other, approach 
nearer to what may be termed, absolutely real acid. One 
hundred parts of calcined fulphate of lime contain therefore 


Lime 

Sulphuric acid 


57 

43 


Component parti 
of fulphate of 
lime. 


100 

By the former experiments (thofe made upon fulphur con- III. too parti • 
verted into acid, and then united to barytes) we had the quan- ^ 

tity of fulphur, contained in fulphate of barytes. By the folvtd in water 
Vol. V.— June. K latter 
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by the addition latter (thofe made by directly combining lime with fulphuric 
^little mur 4 ac ^) we had the proportion of real acid, contained in calcined 
acid. fulphate of lime. Confequently, by knowing the ratio, that 

fulphate of barytes bears to fulphate of lime, with regard to 
the acid in each, we (hall arrive at the knowledge of the 
quantity of fulphur, contained in real fulphuric acid. For 
this purpofe, I attempted to diftolve, in water, 100 parts of 
fulphate of lime. But finding, in this method of proceeding* 
a confiderable inconvenience arifing from the great quantity of 
liquor, neceflary to effeft the folution of that fait, I had re* 
courfe to the following expedient. Upon, 100 grains of cal* 
cined fulphate of lime, 1 poured fome oxalic acid, which at* 
tradls the bafis with an affinity fuperior to that exercifed by 
fulphuric acid. Oxalate of lime was here formed; but oxa- 
late of lime is foluble in a very fmall excefs of any acid. A 
little muriatic acid operated a complete folution ; and thus a 
great quantity of fulphate of lime required but little water to 
muriate of ba- difiolve it. Into this liquor, muriate of barytes was poured, 
added b threw anc * Offered to remain fome time, gently heated. By thefe 

down the acid in means, any oxalate of barytes, that might have been formed, 
weighing i ^7^* WaS * n by the original excefs of acid ; and 

This acid was the entire quantity of fulphate of barytes was depofited. Of 
t0 ** 43 the exa&nefs of all thefe methods, which I ufed, as the in- 
part*. ftruments by which I afeertained thefe refults, I convinced 

myfelf by various preliminary experiments. After the ufual 
filtration, wafhing and drying at the gentle heat of a fund- 
bath, 1 obtailbd in one experiment 185, in another 183, and, 
laftly, in another 180. This difference does not exceed the 
limits of what all perfons, converfant in analytic chymiftry, 
will allow to experiments of this nature. We may therefore 
take 1 83 as the mean proportion ; confequently, we fliall fay, 
that 183 of fulphate of Barytes contain the fame quantity of 
fulphuric acid, as 100 of fulphate of lime; and IBS : 43 : : 
The proportion 100 : 23.5. Therefore 23.5 is the proportion of acid in 100 
rytesTs therefore ^phate of barytes. But we have before feen, that 1 4.5 
23.5 acid, and of fulphur, acidified by nitric acid, form that portion of ful- 
thf/t^the firft P^unc ac *d, contained in 100 of fulphate of barytes: viz. 
exp.” was N4.5* We mu ^ now by> that 23.5 : 14.5 : : 100 : 61.5, and 

Re ?l fulph. acid the fourth term will be the proportion of fulphur = 61.5, 
foe which combined with 38.5 of oxygen will form 100 of real 

reft ss 9.0 oxi- fulphuric acid, 
gen : or 6i| to 
38 J = 100. 




In 
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In neither of the proportions, whether it be of the acid 
contained in the fait, or of the combuftible haiis contained in 
the acid, do I agree with the two chymifts whom I have 
quoted. This juftly excited fome doubts in my mind, and 
led me to repeat <my experiments. Nor fhould I yet be 
thoroughly fatisfied. If I could not, upon other grounds, than 
by fuppofing inaccuracy in them, account for the apparent 
differences. We rauft ever expeft to fee the errors of our 
predeceffors corrected by men, much inferior in abilities ; but 
who, by poftefiing more certain means, fupply the want of 
genius and invention. At the time in which the experi* Former experi- 
ments were made, that determined the proportion of 33 P er “"^inlc^rate, 
cent of fuJphuric acid in fulphate of baryte s, it was not known beraufe barytes 
that we had never obtained any barytes pure; and that a con-had not then 
inferable portion of carbonic acid refitted the action of every purc> 
degree of heat that had been applied to carbonate of barytes. 

The fa6t was, I believe, fir ft obferved by Pelletier ; but the 
method of avoiding the inconvenience was pointed out by 
Vauquelin. He decompofes nitrate of barytes by lime, and a 
moderate degree of heat is fufficient to expel all the acid and 
the water. The chymifts, I have mentioned, performed fyn- 
thetic experiments, by combining, direftly or indireftly, ful- 
phuric acid, and fuch barytes as they imagined to be pure. 

The conftant fimilarity of their refill ts is fufficient to prove the 
accuracy of their operations; but working upon an impure 
fubftance, they mull have been contented with a fimilarity of 
error. 

Three caufes may exift which are capable of accounting and becauf* La- 
for any variation, whether in plus or in minus, that might have [ng ri f u r iphur b in n " 
appeared in the experiments, by which Lavoifier determined oxigen, 
the quantity of fulphuric acid, obtained by the combuftion of 
fulphur in oxigen gas. 


1ft. A part of the fulphur may be volatilized during com* 
buftjon. 


might have vo- 
latizi'd Tome, 


2d. All the fulphur may not be converted into fulphuric 
acid ; but part may remain in the flate of fulphureous acid. 

3d. In re&ifying, fome acid may come over along with the 
water; or, vice verfa , fome water remain with the acid. 
Thefe con fi derations will excufe me for having propofed a 


and imperfectly 
acidified fome, 

and been embar- 
rafl><* by water 
in re&ifying. 


doubt where the authority of fo great a man exifts againft the 


experiments which I have related. 


K 2 


The 
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Expt*. of Tif- The method which I had ufed to afcertain the quantity of 
* n an ore * keen prafitifedby Taffaert, (Annales de 
Chimie, No. 82 : Analyfis of Cobelt from Tunaberg) but he 
calculated according to the proportions of Lavoiiier and of 
Fourcroy. In another paper by Thenard, (Annales de Chimie , 
No. 96.) he flates the proportions of fulphuric acid, obtained 
by treating fulphur with nitric acid, to be 

Sulphur - 55.56 

Oxygen - - - - 44.44 

. 100.00 

but in the extra# given by Guyton in that No. of the Annales 
de Chimie , the mode of operation is not defcribed. Calcined 
fulphate of barytes is eftimated in the fame paper to contain 

Barytes - 74.82 

Sulphuric acid - - - - -25.18 

100.00 

tvhich proportions are as near to what I had found as can be 
expedted ; for fulphate of barytes does not contain more than 
3 per cent . of water of cryftallization, and they muft be de- 
duced from the quintal. 

From the deter- Having determined with accuracy the proportion of acid in 
ac'td^a^fnfo- an y kifoluble fulphate, it is eafy to proceed to the determina* 
lubie fulphate, tion of that contained in any other fulphate. The docimaftic 
to extend art or ana ty^ c c hymiftry in general, cannot however expe# to 
others. derive fucli advantages from the. knowledge of foluble falls, as 

of thofe, which, from their infolubility, may be ufed with ac- 
curacy in delicate experiments to determine the proportions of 
the conftituent parts of bodies. But if, with this mode of ope- 
rating, we compare the quantities of real acid, faid (in thofe 
excellent tables with which Mr. Kirwan has enriched the fei- 
ence) to be contained in fulphuric acid of different fpecific gra- 
vities, they will ferve as proofs of their mutual validity ; and 
perhaps demonftrate, that fulphuric acid, as well as water, 
and feme other bodies, nny of itfelf enjoy liquidity, at the 
temperature and preffure which a# upon our globe. 
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SCIENTIFIC NEWS . 

Improvement on Lamps . 

jA VERY great improvement in the .conftru&ion of lamps New lamp of 
and reflectors, has been lately made by Mr. Nicholas Paul Mr * Pa “h 
of Geneva, who in* conjunction with Mr. Smethurlt, an 
eminent lamp contractor has lately made a public experiment, 
by illuminating the upper part of New Bond Street. 

Fifteen only of the new lamps with reflectors, were fub- 
ftituted in place of more than double that number of common 
ones ; the efleCt of which was, that the ftreet was enlightened 
with at lead twice the ufual quantity of light. 

This effect is produced, not by the combuftion of an extra 
quantity of oil, but by the fcientific con ft ruCtion of the ap- 
paratus ; the lamp being formed upon the principles of the 
beft air furnace ; fo that the whole of the combuftible material 
employed, is converted into light and heat, without fmoke ; 
and that portion of light which would have afeended and been 
Joft, is cliftributed to thofe fituations where it is required, by 
means of reflectors fo formed as to diftribute the fame uniformly 
over the illuminated fpace, and to obliterate the fhaciow that 
would be formed by the body of the lamp. 

Thefe lamps and refleCtors are not merely adapted to light- 
ing the public ftreets, but by various modifications, are ac- 
commodated to every circum fiance where lamps or candles 
can be made ufe of*. 


Improvement on the Mode of Waiching Cities. 

Samuel Day, Efq. of Charter-houfe, Hinton, in f Somerfet- Mr. Day’s 
(hire, in the commiflion of the peace for the county, has directed re * 

his attention to the application of a mechanical check upon 6 
the diligence and precifion of watchmen, labourers, and all 
other clafles of men, whofe duty requires that they fliould at- 
tend at certain places at appointed times. His own account 
of this interefting arrangement is as follows f. 


* I have received the above from Mr, Paul, but expeCl to gi\e 
a fuller account from my own examination, in our next Number, 
W. N. 

t From a printed paper with which he has favoured me. W. N. 

From 



•ettwyiBie Kiwj 


is* 

Mr- Day's 

watchman’s 

gulator* 


From the concurrent teftimony of many Individuals, the 
re * prefent fyflem of watching cities is languid and inadequate : . 
no houfe is fecure, when depredation is determined on, or if 
there be any fecurity, it Is more from the means taken within, 
than from the watching without. Magiftrates have feen and 
pointed out the defeats in the fyftem, and have at times ap- 
plied what means they could to counteract the evils arifing from 
thole defeds, but their means have been ineffedual : and 
houfehotders have been obliged to fubmit to their rifques with 
no other confolation but that of thinking, that though the 
plan of watching was bad, it was better than none* In at* 
tentively conli dering the plan, the defeds feem to reduce 
themfelves to the following heads ; \fi. The too long intervals 
which watchmen take, between their going their rounds— by 
which it appears that confidering any individual houfe, that 
houfe has not the benefit of adual watching more than ten 
minutes through the whole night. 

Qndly. The Watchman’s call of the hours, — from which 
no fervice arifes to any, but to the depredators of the night, 
as is obvious to any one who refleds, that of the many hundred 
hou febreakings and ftreet-robberies committed in London in 
the year, how few of the depredators are deteded or taken 
by the watchmen themfelves, from no fault perhaps of thefe 
laff, but becaufe the thieves have taken advantage of the 
watchman’s repofe in his box, and what is more, of the notice 
which he gives, by vociferation, of his di (lance or approach, 
b) which they haflen, or delay their attack, or carry off their 
plunder accordingly. 

The uncertainty of the watchman's doing his duty— 
who either from intoxication, drowfinefs, or indolence, or 
induced by the badnefs of the night, may mifs his rounds, 
without detedion. 

44/j. The ufe ot the lanthorn, which anfwers no purpofe 
but that of adding to the fignal of the watchman's approach. 
And laftly the ufe of the watch-box, which anfwers no end 
but that of promoting drowlinefs, and perhaps difeafe, from 
the chills which are increafed by inadion in a cold damp 
houfe. 

For thefe defeds it will be alked what effedual remedy can 
be propofed ? To double the number of Watchmen would be 
the mod obvious, but is out of the queflion when we confider 

the 
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the enormous expence which would attend it, and is un- Mr. Day’* 
neceflary when we reflect that the ufual number of men em- y re 

ployed will be fufficient, if any mode can be adopted of fixing 
and afcertaining their vigilance. The inftrument called the 
watchman’s noctuary, or labourer’s regulator, offers a mode for 
this purpofe. By one of fuch being placed at each end of a 
watchman's round, it will be afcertained how the man con- 
tinued his movements through the night, to a nicety of ten 
minutes at any period of the watch — and the flighted irregu- 
larity or omiffion will be vifible the next morning to the in- 
fpe&or or conftable, whofe office it fhali be to open the machine. 

The teft of regular and well-fuftained vigilance is given by 
the Watchman's dropping a token as he paffes, every half 
hour, quarter, or half quarter, into a receiver or cell ; each 
half hour or quarter prefenting it's own cell to receive the 
fame, and each cell, like time itfelf, irrecoverable when 
pafled. No trick or fraud on the watchman's part can 
counteract the movement of the horizontal wheel formed of 
thefe cells, and completing a revolution once in twelve hours. 

He has no command over it, and each cell (as it moves under 
the receiver) will be a kind of fpeaking witnefs of his diligence 
and fidelity in going his rounds, anfwering the next morning 
to the exaCt periods he either was or ought to have been 
there. 

By this means the calls of the Watchmen, which were only 
inftituted for the purpofe of his giving notice of being on his 
duty, will be fu perfected ; and a confiderable expence of animal 
exertion will be faved to the individual, which might better 
be converted into that of going his rounds twice, where he 
now only goes once. Warnings to the nightly thief of timely 
attack or retreat will likewife be taken away, and if inflead 
of an open the watchman was to carry a dark lanthorn, the 
robber would have no fecurity whatever in calculating the 
moment of his depredation, and might be detected in the very 
outfet of his attack, as the flighted found would alarm the 
watchman walking in filence, and not drowning diftant noife 
by that of his own voice. 

Of the obje&ions to this new mode of ameliorating the 
watching of cities, the only one feems to the expence of the 
time pieces,— and confldering the number which the larger 
pari flies will have occafion for, this expence will be im- 
portant ; 
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Mr. Day's porfant * ; but let it be confidered that it will not amount to 
gulator! an S ^ more ^ lan ^ ree pence in the pound of a rate on houfes, and 
that the firft will be the foie expence — probably to be faved by 
diminifhing the number of patroles to one half (or lefs) of what 
they now are. But trifling indeed will be the expence when 
compared with the Ioffes fuftained by the public in depreda- 
tions, which! according to a late work on the police of the 
metropolis! amounts to two millions and upwards. 

The bell fituation for thefe machines will be at each end of a 
• watchman’s round, perhaps certain rounds will require three. 

They ought to ftand in a convenient recefsin the'Hreet, fecured 
by rivetings of iron, or let into a wall, or placed on a ftrong 
bracket within the iron railing of an area ; and, if the dial 
plates were fuffered to appear, would be ufeful in the day as 
well as in the night : as an eight-day clock it would require 
no attention to it’s movement but once a week, and the morn- 
ing infpe&or might attend to the flight duty of winding it up. 

The annual expence of keeping it in repair is too trifling to 
be taken notice of. 

I have to remark that the fame machine will anfwer in 
cuftomhoufes, warehoufes, banking-houfes, docks, and every 
place where vigilance, to be ufeful, muft be exa&. 


Some Account of a pretended new Metal offered for Sale , and 
examined h\j Richard Chenevix, Esq. 

Intereftms paper AN extremely curious and interefting paper by R. Chene- 
paUadium. vix, Efq, was read on Thurfday the 12th, and the following 
week, at the Royal Society. It purported to be an inquiry 
into the properties of a fuppofed new metal called palladium , or 
new fib er. 


The manner in 
which it was 
offered to the 
public. 


This fubflance announced to the public in a fmall printed 
paper, partially circulated, was fold at an extravagantly high 
price. The notice is as follows ; it is given verbatim , as the 
language in which it is written is not unworthy of attention f . 


* It is prefumed that each time piece will amount to not lefs than 
twelve guineas, and each round will require two. D— I ap- 
prehend they may be made for much lefs than half the money. 
W. N. 

f I received a fmall piece by the poll. The piece of the ipecimen 
was at the rate of about one lhillmgper grain. 


PALLADIUM 



SCIENTIFIC NEWS 


137 


PALLADIUM, OR NEW SILVER, 

Has theft Properties among others, ; that Jhexu it to be a new 
noble Metal, 

1. It diflfolves in pure fpirit of nitre, and makes a dark red 
folution. 

2. Green vitriol throws it down in the ftate of a regulus 
from this folution, as it always does gold from aqua regia, 

3. If you evaporate the folution you get a red calx that 
diflolves in fpirit of fait or other acids. 

4. It is thrown down by quick -filver and by all the metals 
but gold, platina, and filver. 

5. Its fpecific gravity by hammering was only 11.3, but by 
flatting as much as 1 1 .8. 

6. In a common fire it tamiflies a little and turns blue, but 
comes bright again, like other noble metals, when flronger 
heated. 

7. The greateft heat of a blackfmith’s fire will hardly 
melt it* 

8. But if you touch it while hot with a fmall bit of Sulphur 
it runs as eafily as Zinc. 

It is fold by Mrs. Fofter, at No. 26, Gerrard Street, Soho, 

London, In famples of five (hillings, half a guinea, and one 
guinea each. 

Immediately on the receipt of this paper, Mr. Chenevix Examined by 
went to the place where it was advertifed to be fold, and Mr * Chcncvix * 
bought a piece which he fubmitted to the trials propofed by 
the author of the impofition. Mrs. Fofter, it appears, is only 
the vender, and totally unacquainted with the perfon who 
brought the metallic fubftance and the printed paper to her 
** houfe 

In every refpeCt but one, the aflertions in the paper 
Mr. Chenevix found to correfpond with his own experi- 
ments. The fpecific gravity he found to vary in different 
pieces from one to two per. cent. 

The refemblance which, in many of its properties, this Sufplcion that it 
lingular fubftance bore to Platina, induced a fufpicion in the^|^ onUm 
mind of Mr. Chenevix that the laft mentioned metal formed a 
part of the compound, if indeed it was a compound body ; 
but the eflentiai characters of difference were fo ftriking and 
2 numerous 
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It is platina and 

mercury. 


Procefs for com- 
pofing it. 


Variations in 
the compound* 


numerous as almoft entirely to remove this doubt* or to con* 
vince him that palladium was really a Ample fubftance ; as 
its concealed author pretended* and not an imposition upon 
the public* as Mr. Chenevix has now proved it to be. 

It appears then, from Mr. Chenevix’s experiments* that 
this pretended Simple metal is a combination of platina add 
mercury; and it rauft excite not only aftoniftiroent, but humi- 
lity in the cultivation of natural knowledge* to find that a 
combination of two metals* each upon fo high a fpecific gravity 
as thofe which are combined in palladium* (hould produce a 
compound* the fpecific gravity of which is left than that of the 
leaf! weight of the component fubflances ; and* moreover* 
that mercury whofe affinity for caloric had hitherto been 
found to baffle all attempts to deftroy its volatility ; could* 
when combined with platina* become as fixed as any metallic 
fubftance* with whiph we are acquainted. But nature laughs 
at our theories* and forces us from time to time, by extraordi- 
nary difcoveries of this fort, to acknowledge that we are her 
vaffals, and that we ftrivc in vain to bring her within our 
laws. 

Without entering into any detail of the contents of this 
paper* which is interefting in many other refpe&s, as well 
as in the difcoveries which it announces, we (hall fhortly 
ftate one of the means* feveral being given* by which 
Mr. Chenevix accomplices the produ&ion of palladium ; 
or, at lead, of a fubftance having every chemical or phyfical 
property of that fuppofed mejal. He diffolves platina* pro- 
cured from the ammoniacal fait* in nitro muriatic acid. To 
this he adds twice its weight* at Ieaft* of red oxide of 
mercury* but if the acid be not faturated he adds more till the 
whole liquor is perfectly neutralized. This combination of 
muriate of platina and mercury* is then to be poured into a 
folutkm of green fulphate of iron* and the black metallic 
precipitate which is thereby formed is* when collected* and 
the excefs of mercury driven off, at a red heat, fufed in a 
Black’s furnace. It melts into a metallic button at a white heat* 
and becomes palladium ; a compound as it feems* of two 
parts of platina to one of mercury. 

Mr. Chenevix finds it difficult always to combine with 
platina the fame quantity of mercury; and the fpecific gravity 
of his palladium varies like that which is fold by Mrs. Fofter ; 

4f but 
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but he has found, when the experiment completely fucceeds, 
that palladium, containing one third of mercury, is of the 
fpecific gravity of 11.5,— when it contains one fourth of that 
metal, the fpecific gravity is one part higher ; and the higher 
the fpecific gravity, the greater is the proportion of platina, 
and the lefs the duftility of the compound. Above 1 2.5, it 
fo far ceafes to have the properties of palladium, that it is no 
longer foluble in nitric acid. 

The remaining particulars of this highly interefting paper 
we muft defer till after its publication by the Royal Society. 


A new Method of Painting , propofed by M. Carbonfll, a 
Spanijh Phyfician , capable of being advantugeoujly fubjiiluted 
for Painting in Dijlemper *. 

THE difagreeable fmell perceived on entering rooms newly Bad fmell of 
painted in di item per is uni verfally known. It is only after in ^ 

having left thefe rooms expofed to the a£tion of the air, that 
they are habitable. A procefs which remedies thefe two in- 
conveniences, deferves therefore to be adopted, and it is with 
that view that we infert that lately publifhed by M . CarbonelU 
a Spanifli phyfician. 



fimple, it confifts in fubftituting the ferum of the blood of f/ rum 
oxen, infiead of the folution of glue commonly ufed to mix up infteadof fizej 
the colouring matter. 

To fucceed, the following methods mud be ufed : 

1ft. The butcher mud be dire&ed to receive the blood of 
one or more oxen in proper veflels. When the blood is quite 
cold, that is to fay three or four hours after it is drawn, the 
vefiels mud be gently inclined, by which means, a clear, am- 
ber-coloured liquor will be decanted. This mull be patted 
through a (trainer to feparate the fragments of the clot which 
have broken off and been mixed with it. 

2d. Reduce to powder quick-lime, which has been fprinkled with flaked 
with a little water to diminifii the adhefion of its integrant e * 
parts. Pafs this powder through a fieve, and depoftt it im- 
mediately in boxes or bottles well clofed. 

* Bibliotheque de Sonini, No. V* 

3d, When 
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Manner of ufing 3d. When thefe two materials are to be ufed, the ferum is* 
it, &c. firft poured into a wooden or earthen veflfel, and mixed with 

a fufticient quantity of the lime, pulverized as dire&ed above, 
taking care to preferve the mixture of a proper fluidity to be 
eafily fpread with the brufh over the furfaces to be covered. 

4th. Too great a quantity of this? paint muft not be prepared 
at once, becaufe it thickens very faft, and when it has acquired 
too mucli confidence it cannot be ufed. This inconvenience 
may, however, be remedied by keeping the fluidity at the 
fame point, by the addition of a fu fficient quantity of ferum, 
which fhould always be kept in a veftel near that containing 
the paint, that it may be ufed when neceflary. 

Addition of co- 5th. The colour fo prepared, fliould be ufed as quickly as 

,0Iir * poffible. 

General ic- 6th. As the colour jefulting from the application of this pre- 
marks* paration is always white, and as there are circumftances in 

which a different colour is wiflied for, this may be obtained, 
by adding a bolar earth of a red, black, green, or yellow fpe- 
cies to the ferum, at the fame time as the lime is mixed. Even 
a beautiful blue may be obtained by ufing the blue glafs pre- 
pared from oxide of cobalt, provided it be reduced to an im- 
palpable powder. 

7 th. The ftrength of the compofition being neceflarily lef- 
fened by the addition of the bolar colouring matters, the fame 
degree of folidity may be preferved by adding to the ferum 
ufed for diluting this compofition, a few whiles of eggs ; but 
particular care muft be taken not to put too many, olherwife 
the paint will be fubjeft to fcale off. 

8th. This paint can only be applied on wood-work or coat- 
ings of plafter, which have not been previoufly covered with 
oil-paint. 

9th. As one layer will not be fufficient, two or three may 
be laid on thofe furfaces which are required to be well painted ; 
but before laying on a fecond coat, that which has been al- 
ready applied muft be perfe&ly dry. 

10th. A beautiful polifti may be given to this paint by fric- 
tion, in the fame manner as to other forts of paint; it need 
only be obferved, that it is better to greafe the cloths ufed for 
rubbing it, with clear whale oil, rather than with any plher 
kind of oil. 


llth. To 



SCIENTIFIC NEWS. 


141 


llth. To temper this paint whether white or coloured, it 
is neceflary that the ferum fhould be frefli and not have under- 
gone any change, otherwife the paint will be of a bad quality 
and not durable. < 

The prefervation of the ferum, particularly in the fummer, 

'requires much caution, becaufe this fluid has a great tendency 
to putrefy. It is therefore effential to keep it in a cool place, 
and to examine before ufing it, whether it has begun to emit 
t a bad fmell ; for, in that cafe, care mu ft be taken not td ufe it. 

For the fame reafon the vetfels in which the ferum is kept 
muft be carefully cleaned, and walked frequently with hot 
water, to remove the fpoilt portion* of this fluid, with which 
the pores of the veflels might be impregnated. 

M. Carbonell aflerts that this paint is f’o durable, that when Very durable, 
prepared with good materials, it may be ufed to paint the 
walls of damp houfes, without fear of its coming off; an ad- 
vantage certainly not poflefled by diftemper painting. 

The fame author alfo aflerts that he has made many experi- 
ments with this fame paint, and has obtained fatisfactory re- 
fults ; and in all cafes fo conftant, that he doubts not, when 
it (hall be known, that it will be generally adopted. He in- M^y be uf d In 
fiances, among other examples, the ufe which is made of it nut-dour work, 
at Barcelona, as well in the exterior of buildings as within- 
fide, and he has always obferved, i ot only that the fun, the 
air, moifture or drought, produce no change on it, but alio 
that it is free from bad fmell ; fo much fo, that places where it 
has been ufed may be inhabited without danger the very day 
of its application. 

One might be difpofed, at the firft glance, to believe that It is verydif- 
the new paint propofed by M. Carbonell, is nearly the lame 
with that of milk, deferibed fome years ago by Cit. Cadet m P 
Demux. This latter paint may alfo have fucceeded ; but on 
reflecting upon the eflentiai difference which exifts between 
the ferum of the blood and that of milk, it will loon be per- 
ceived that if the milk paint is good, that of M. Carbonell muft 
be better. 

But experience muft decide in this refpe&, and it is to be 
prefumed that a fliort time will make known which of the two 
methods delerves the preference. 

The work in which M. Carbonell has given the details re- 
lative to the preparation and ufe of his paint with ferum, is 

dedicated 
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dedicated to the queen of Spain. This work has been printed 
in the Spanifh language : it would be very worthy of being 
tranflated into French, which would be the means of giving it 
greater publicity* 


ACCOUNT OF NEW BOOKS. 

North London j Report qf the intended North London Canal Navigation ; with 
general Eftmate, fyc. fyc. By R. Dodd, Engineer . 
1802. p. 23 Quarto . 

THE line of this intended canal is to communicate with the 
Thames near Bell- Wharf, and, paffing through Ratcliffe and 
Whitechapel, is to join a bafon near Hackney turnpike, 
from which the the main line is to extend to the river Lea 
near Waltham Abbey, Two collateral cuts are alfo to be 
continued fiom this bafon for the convenience of the eaftem 
and northern fuburbs of the city. From Waltham Abbey 
the river Lea is to be navigated as far as Bilhop’s Stortford, 
at which place the intended line will again commence and be 
continued until it forms ajun&ion with the Cam below Cam- 
bridge. From thence that river is navigable to the waft or 
Lynn deeps. 

The advantages to be derived from the proposed meafure 
are numerous, whether confidered as facilitating the con- 
veyance of proviiions to the capital ; as furnifting a fafer and 
cheaper communication from the wharfs and warehoufes at 
the eaftem extremity of the town, to the northern and weftern 
parts of it ; as lellening very much the diftance and danger 
of water carriage between the metropolis and the whole of 
the eaft coaft ; or, as affording the government a ready means 
of tranfporting troops and military ftores in the event of an in- 
vafton of that part of the Iiland. 

The general advantages of Canals as well as thofe peculiar 
to the prefen t ftatute are ftated with coniiderable perfpicuity 
by Mr. Dodd in the prefent volume* 


Defcription 



ACCOUNT 09 BOOKS. 


143 


Dejcription qf an improved ArmiUary Sphere exhibiting at one Patrick on the 
View the true Solar , or Newtonian Syfiem, agreeabty to that trmiUar ^ fphwt, 
Order , Harmony , Beauty* and Variety obfervableinthc Hea- 
tens; whereby the Science of Afironomy will be familiarly ex- 
emplified. By T. Pattrick, Optician, and Manufa&orcr of 
Adam’s and Senex's Globes, No. 29, King Street, Covent- 
Garden, 1802. pp. 24. 12 mo. 

THE patent nautical angle, whereby a flip’s departure, on the nautical 
meridional difference of latitude, &c. are obtained from in- ansle * 
fpe&ion, with the greateff accuracy, in plain failing, oblique, 
current and mercator, with a Hiding fcale of meridional 
parts, graduated to four miles. By the fame author, 1 803, 
pp. 19. 12mo. 

Theorie des Vents et des Ondes : A Theory of the Winds and 
Waves, by M. de la Coudray. 1 Vol. in 8vo. Price 3 
Francs. Bernard, Paris, 1802. 

Expofe des Temperatures : An Account of Temperatures, in 
which the various ftate of the atmofphere, and the influence 
of the air on the human frame, animals and plants, are 
treated on in the way of aphorifm. Price fewed, 5 Francs. 

Barrois, Paris, 1802. 

De L > EleSlricit6 Medicate ; A Treatife on Medical Electricity, 
by Cit. Sigaud Lafond. Profeflor of Natural Philofophy 
and Chymiftry, in the Central School of Chers. Aflociate 
of the National Inffitute, &c. 1 Vol. 8vo. 618 pages, 

with plates, 6 Francs fewed. Delaplace, Paris, 1802. 

Nouveaux TraitS fur la ConftruSlion et Invention des nouveaux 
Barometres, Thermometres, Hi/grometres, Aereornetres et autres 
Decouvertes de Phyfique Experimentales : A Treatife on the 
Conftrultion and Invention of Barometers, Thermometers, 
Hygrometers, Areometers, and other Difcoveries in Ex- 
perimental Philofophy, by Aflier Perricat the Elder, Engi- 
neer, &c. : with Meteorological Obfervations made on the 
Mountains by many learned Men, and by the Author him- 
felf, with comparative Tables. 1 VoJ. 8vo. Price 2 Francs, 

10 Cent*. Paris, 1802, 


Traits „ 
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New Books* 


TraUi d’Optique: A Treatife on Optics anew Editionrevifed 
and correaed, with Additions, particularly on the Produc- 
tion of the Images in Optical Inftruments, on the Achro- 
matic Telefcope, and on the Iris, by many Pupils of the 
Polytechnic School, with all the Plates of the old Edition, 
and the Addition of many new Ones, by Lacaille. 1 Vol. 
8 vo. Price 3 Francs. 

Nouvellet Experience » Gahaniques. New Galvanic Experi- 
ments by Nyften, Phyfician, 8vo. Price lew ed, 2 Francs. 
40 Cents. Levraults, Paris. 
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pleafures, from the introduction of exotics derives its principal 
fupport; and certainly whatever tends to facilitate this amiable 
ftudy is truly deferving of the attention of every philanthropic 
mind. As all botanifts cannot have an opportunity of ex- 
amining plants in their native foils at proper feafons, it is 'there- 
fore only by tranfplanting and cultivating, they can become 
acquainted with the productions of diftant countries j and to 
cultivate them with fuccefs we muft derive our information 
principally from the plants themfclves : each has certainly a 
peculiar charaCler, which were we truly acquainted with, thofe 
tedious experiments with each newly acquired fpecies, which 
now nearly exhaufl the patience of all lovers of plants, would 
be no longer neceflary ; gardening might then boaft of being 
eftablifhed on fcientific principles, and would then never adopt 
rules contrary to what nature dictates. 

Nor will (he, fcorning truth and tafte, devote 
To ftrange and alien foils, her feedling items ; 

Fix the dark tallow on the mountain's brow. 

Or to the mofs -grown margin of the lake 
Bid the dry pine defeend. From nature’s laws 
She draws her own : nature and the are one. 

Mason’s English Garden, B. Ill, line 226. 

By our prefent imperfeCt knowledge of the phyfiology of 
plants, we are neceflitated to accept of every adi fiance within 
our reach : and plants being fo immediately connected with 
every modification of the atmofphere, meteorology, which has 
hitherto been coniidered as .an objeCt of curiofity, is a fource 
from which we may derive much ufeful information. 

The mean heats Heat being found to increafe or decreafe nearly in a regular 
mwefconfider* P ro 8 re ^ on * according to the degrees of latitude, if the latitude 
'ably govern their of the place where a plant is found be known, by confulting 
vegetation, Mr. Kirvvan's table of the mean annual temperature of dif- 
ferent latitudes*, we may find whether the temperature nearly 
correfponds with our own. Or, fuppofing the mean annual 
tempqpljture of Dublin, lat. 52°, equal 50 of temperature, by 
adding one for every degree of latitude fouthward, and fub- 
traCling one for every degree of latitude northward, we have 
the temperature correCtly enough for our purpofe. For thefe 

* r See an eftimate of the temperature of different latitudes by 
It. Kirwan, Efqj page 17* 

2 calculations 
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calculations need not be carried to the greateft degree of cor- 
re&nefs, as we know that, if we except a few, plants have a 
confiderable range of latitude $ thofe which cannot bear froft, but with con- 
being found to extend from the northern to the fouthern verge latl * 

of the torrid zone, and many of thofe which grow on the 
fouthern limits of the temperate, to approach the borders of 
the frozen zone. Thus of the Lapland plants near three hun- 
dred are found in the environs of Paris *, many of them much 
farther fouth, and fome, as the water lillies (nymph&a) , fundew 
(drofera), arrow-head (fagittaria) , &c. even natives of India f. 

In the latitude 44-° on the European, and 34° on the Ame- Plants do greatly 

rican continent!, it is not unufual for water to be frozen in accommodate 
_ * r r * . /• i themfelves to th* 

January ; and as fome feafons are much more fevere than climate. 

others, plants growing confiderably farther to the foulhward 

would be liable to differ by cold in fuch feafons, if nature had 

not provided a remedy by their manner of growing, which 

enables them to refid the cold of fuch rigorous feafons; and 

on this account many of them will be found to thrive, when 

tranfplanled nine or ten degrees further north than their native 

dations. 

From ancient authors it appears that Italy formerly cxpe- Infanccs In the 

rienced the fame degree of cold as the American continent J ncien J an<1 

1 I r .11 /....I /• _ lent climate of 

under the lame parallel of latitude does at prclent. Therefore Italy, 
it is highly probable, that Italian plants not introduced into 
Italy hnee that time, might in a feries of years be changed 
from their now tender to their once hardy date. 

But in conducting fuch an experiment as the naturalization 
of plants from a fouthern to a northern climate, fo many mi- 
nute circumftances require our attention, that few people have 
either time or patience to reach the wifhed for goal. 

But a careful attention to the characters which the plants 
themfelves prefent, will enable U3 to proceed with more cer- 
tainty, and hopes of having our endeavours crowned with 
fuccefs. 

By the appearance of the roots and leaves we may nearly In naturalizing 
determine in what kind of foil the plant is mod likely to thrive. attTntionmuft'te 
Rpbud roots and flclhy or rigid leaves require a dry foil, ac- paid to the tail* 

* See Flora Lapponica & Thuillier’s Flore des Environs de Paris. 

+ See Hunters Evlyns Sylva, p. 552. 

% See Kirwan on the Temperature of different Latitudes, p. 50. 
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cording to their thicknefs; ftiff clay or Tandy 16am, as bean*, 
peach, and apple trees; robuft fpongy roots' which have a 
tendency to mat near the furface with thin leaves, as the alder 
(bctula alnus ), willows ( fnlix J, require a lomew hat ftiff foil 
with moifture ; many of the falix genus will not grow with 
their aceu Homed vigour, in a light turfy or peat mold foil, for 
want of the necelfary refi fiance to the roots, although fuitable 
in refpect to moifture. Slender, hard and wiry roots, as thofe 
of the pine, ciftus, &c. require dry, Tandy, or gravelly foils. 
And extremely fine and hairlike roots, as thofe of erica, hal- 
mia, rhododendron, &c. mud have a foil whofe particles will 
not impede the (hooting of their lender fibies, and with a (mall 
but regular degree of moifture, that the roots, which by their 
form cannot reft ft the (lighted drought, may not be deftroyed. 
Plants in a warm climate perfpire more than in a cold one ; (o 
in a warm they require much, and in a cold one little moifture. 
Therefore, when tran I planted from a w arm to a cold climate, 
they fhould have a dryer foil, and from a colder to a warmer, 
a moiftcr one, than their native llation. 

In the fir ft cafe, not being able to perfpire the fuperabun- 
dant moifture, they will be rotted ; and in the laft, not having 
moifture fullicient to fupply the lofs by perfpiration, the growth 
and the contrary, will be (low, difeale and death will follow', ur.lefs they receive 
a timely fupply of moifture: by the red or yellow colour of 
the leaves we may difeern the approach of the firlt evil, and 
by the (United growth, and fmall curled leaves, that of the 
daft. A large quantity of pure circulating fluid feldom injures 
plants, but ftagnant water is certain deftrii&ion to almolt every 
vegetable. 

Local nbratlon After having determined the moft fuitable foil, we muft 
or expofinc is of afterwards ftrive to give each plant a proper filuation. It is 
well known, that plants from a (hady will not thrive well in 
an open, nor plants from an open in a (hady fituation. But 
the neceflily of a natural fituation is by no plant more evidently 
illuftrated than by the common myrtle (n lyrtus communis ), 
Even at Glenarm, in the latitude 54° 56' N, it grows w ith 
great luxuriance contiguous to the fea, and braves our coldeft 
winters ; yet all attempts to naturalize it in an inland fituation, 
feveral degrees farther fouth, and in a much more genial cli- 
mate, have hitherto proved unfuccefsful. The olive tree 

cannot 


In tranfplanta- 
tion to a cold 
climate the foil 
muft be dryer; 


great confe 
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cannot pofilbly be cultivated in the interior of Afia or Ame- 
rica, though the latitude be in other refpe&s favourable, nor 
is it fruitful when excluded from the fea breezes *. 

The caufe of this may be that near the fea the temperature The myrtle 
is more regular than within land, and fudden changes are P t;r * ,^,1 We 
haps unfavourable to evergreens: for we always find thole the temperature 
with broad leaves grow beft in the (hade, and thole with nar- ^ ,r ; cs lefs * . . 
row leaves on elevated places, m both of which lituations the 
temperature is more regular than in open expofures or confined 
vallies. And vve may often obferve plants growing on a tome- 
what elevated fituation, if llieltered from ftrong winds, leis 
hurt in a fevere winter, than others in low warm and (hollered 
places. For vapour being railed in fuch places during the 
day, produces a greater degree of cold by condenfation and 
evaporation in the night, than is experienced in other places 
where the coldnefs of the air prevented the rife of vapour 
during the day. From every obfervaiion it appears, thatthofe 
plants which have the lead lap in winter, or whole fap is of a 
relinous or oily nature, fufter leaf! from cold, anil that the 
principal caufe of definition is the vefTels being burft by the 
freezing of the fap. The hoar-froft, which is always mofi 
abundant in vales, tends in a great degree to promote this ; 
for being changed into water, part only of this water is eva- 
porated during the day, the reli remains to be converted into 
ice by the cold of the enfuing night. This icy covering en- 
creafes the cold, till the vital principle +, and refi fiance given 
by the formation of the bark to the entrance of cold, are over- 
come, tlie lap frozen, and at the fame time the veflels burft 
by the expanlive force of freezing. This gives the real’on 
why plants in a lilualion where the fun does not thine on them 
to thaw the hoar-froft, fuller ieaft in fevere feafons; and that 
plants removed in autumn, unlefs the (hoots are completely 
hardened, will be more liable to be injured by frofi than thole 
of the fame fpccies, the defeent or fixation of w. f^'e lap has 
received no check bv ti an (plan ling. Miller remarks, that 
thofe plants which were removed in the autumn of 17:*b), were 

* See Saint Pierre’s Studies of Natuic, tranflated by Hunter, 

Vol. I. page 607. Dublin edition. 

+ See Smith’s Trails relating to Natural Hiftory, page 177, and 
Philolophical Tranfa&ions for 1788* 

moftly 
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moftly killed by the cold of the enfuing winter, while many 
of the fame fpecies efcaped uninjured : and the fame may be 
always obferved after every fevere winter *. 

Snn/bme and Few deciduous ftirubs agree with (hade ; their naturar place 
** * 4 is the funny outtkirts of the foreft ; and when otherwife fituated, 

long and {lender branches, with large thin leaves, thew their 
unhealthy (late. From thefe the climbing plants are eafily 
diftinguilhed by their tendency to contortion, or (hooting forth 
roots or tendrils. To the deciduous climbers a flight (hade is 
not hurtful, as it is only there they can find the neceflary fup- 
port ; but in the deep recefles of the forefl, the evergreen 
climbers will fpread around their tangling branches, and thrive 
with wild luxuriance, 

Where fcarce a funbeam wanders through the gloom. 

Thomson’s Seasons* 

never appearing, if the foil is fufficiently moift infummer, to 
be hurt by the thickeft {hade of deciduous trees, 
fhade defends The (hade is alfo the natural fituation for young plants. By 
plants from froft. (j, e parental (hade they are protected from the drought of fum- 
mer, and the cold of winter. The more a plant is fhaded in 
winter, and the nearer it is to any large body, the lefs danger 
it will be in of fuffering from froft. For when a plant or water 
is fo fituated as to be overtopped by trees, a great part of the 
hoar or frofty particles, which would fall on it, is intercepted. 
Under trees we may often obferve water unfrozen, and plants 
unhurt by the feverity of cold, and many retaining their leaves; 
when water at a fmalldiftance is frozen, and plants of the fame 
fpecies, but unfhaded, lofe their leaves and fufter confiderably. 
As large bodies arc not eafily cooled, the cold is in fome de- 
gree mitigated by the Items of large trees. That this is the 
cafe may be perceived, the twigs and fmaller branches being 
covered witli hoarfroft, when the trunk and larger branches 
remain uncovered, 

* The following experiments may throw fome light upon the caufe 
of plants remaining unfrozen, when the furrounding water is frozen. 
Water enclofed in fealed glafs globules remains unfrozen, till the 
t thermometer defeends to twenty-four 5 un fealed ones freeze and 
burft immediately on being cooled down to freezing water. Oil 
encloled in the fame kind of globules continued unexpanded, and 
confequently the globules unbroken, when placed jn a mixture of 
fpow and fal ammoniac, and cooled below o. 

Pr- 
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Dr. Wilfon of Glafgow obferved, that when a great degree Remarkable 
of cold prevailed, palifades extending outward from a houfe, 
and alfo from a large pillar, were covered with hoarfroft, in froft on infu- 
tlie moil regular manner, according to their proximity or dif- bodies, 
tance from the houfe or pillar, thofe next the houfe or pillar 
remaining free from hoarfroft, while the more diftant ones 
were entirely covered *. This accounts for the fig-tree fhoots, 
mentioned by Miller, being killed when growing out from the 
wall, at the fame time when the other fhoots clofe nailed to it 
efcaped unhurt f. From this circumftance, molt people nave 
affixed thofe plants which they with to naturalize to the cli- 
mate againft walls. But when put to a wall, care fliould be 
taken that they are (beltered from ftrong winds, which gene- 
rally injure the leaves and young (hoots, thereby deftroying 
the plant if it is not vigorous. On this account the ftems of 
large trees are preferable for climbing plants, and there they 
mud always be more admired as appearing more natural. 

But inftead of affixing to walls thofe plants which require no 
fupport, we might cultivate them in pots or boxes, which may 
be placed in their proper expofure during the fummer, and, 
until their hardinefs is determined, removed under the fir or 
other trees in winter, the thicknefs of whole fhadc ought to be 
proportioned to the apparent tendernefs of the plant. 

Thefe pots or boxes fhould be always funk in the earth, and 
in winter the fur face covered with mofs. The drier the ground 
the better, for funken pots are liable to be too damp. 

The beft manner of treating ericas is to place them in a Treatment of 
proper fitualion in the fpring, and on the approach of fevere®"“* and other 
weather to fix branches of fpruce-fir about them, augmenting 
the covering as the cold encrcafes. Phil as the cold feldoin 
becomes fuddenly fevere, and a flight froft does them little in- 
jury, the erica tubliflora, one of the molt tender, bearing about 
29° of Fahrenheit’s thermometer ; it is bdl not to begin cover- 
ing too loon, left, as they are plants that require a very fmall 
degree of heat, they (hould be made to (hoot, in w hich cafe 
the flighted froft w'ill perhaps deftroy them. To protect her- 
baceous plants from froft, mofs is the mod proper covering, by 
remaining alive through the winter ; even after being pulled 
up, it is not liable to heating and putrefaction, as all dead ve- 

# Philofophical TranfaCtions, Vol. lxx. p. 471, 2. 
t Miller's Dictionary, Article Ficus. 
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gefable fubftances are, by which they impart to the plant heat 
and moifture (the two principal agents which caufe vegetation) 
thereby putting the vegetating powers in action, and filling 
the plant with fap, at an improper feafon. -In our culture of 
annuals our only care is directed to placing them in proper 
, foils and expofnres. For, that no region of the earth fiiould 
remain uninhabited, with a liberal hand have the annual plants 
been diftributed ; from thefe do men and animals derive their 
principal fupport, and of all the vegetable kingdom, they are 
beft adapted for naturalization. By bringing their feed to per- 
fection in a fingie feafon, they are capable of cultivation in a 
greater variety of climates than any other vegetables. And 
the feed, being equally undefiroyed by natural heat and cold, 
lies dormant, till genial weather calls forth its latent powers, 
and urges it to vegetation, whether among the frozen fnows 
of Siberia, or the burning fands of Africa. The rej'cdu odorala 
(mignionette), a native of Egypt, and helianthus annuus (fun- 
flower), of Mexico and Peru, ripen their feed, and are thereby 
perpetuated in our northern latitudes. St. Pierre * fays, the 
peafants of Finland cultivate tobacco ( nicotiana tahacum ), with 
fuccefs, beyond the fixty-firft degree of latitude; and that 
barley fucceeds in the very bofom of the north. , Amidft the 
rocks of Finland he faw crops of this grain as beautiful as ever 
the plains of Paleftine produced f . 

Cri tenons by When we endeavour to naturalize plants, that we may dif- 

cxo^cV^ may be *inguifh thofe which offer the faireft profped of fuccefs, a 
dift jiguifhed. comparifon of the exotics w r ith the natives of the foil will be 
our fureft guide. Thus we find, that throughout the frofty 
regions of the north, the trees, fhrubs, bulbous and perrennials, 
complete their (hoots, and, before the cold of the winter com- 
mences, enclole in h)bernacule or fcaly buds, the embryo for 
the coming year. And there is every reafon to believe that all 
exotics will ceafe growing, and form thefe buds or hybernacule 
in the open air during the courfe of our fu miner, will not i utter 
from the (evenly of our winter. In the hot-houfe many plants 
complete their (hoots that would not probably do fo in the 
open air, the heat not being (ufticient to caufe them to grow 
with the vigour necelfary tor their completion before winter. 

* See St. Pierre’s Studies of Nature, tranflated by Hunter, Dub- 
lin tdition, Vol. I. page 6U4. 
f See the fame Work, page 667. 


Nevertheless 
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Neverthelefs many of thefe, if not all, might be brought, by 
enuring them to the open air, to bear our climate. The ca- 
melia japonica, thea viridis, and calycanthus prcecox, which 
were formerly kept in the hot-houfe, then in the green-houfe, 
are now fufficiently naturalized to grow in the open air, and 
are as little injured with the cold of our winters as either the 
common or Portugal laurels. 

Some exceptions to this obfervation feem to prefent them- Exceptions t» 
felves. The rohinia pfeudo acacia (two-thorned acacia) does thc ru,e * 
not form external hybernacule, nor complete its (hoots, yet 
grows well in our climate ; it however, when the froft comes 
on early, lofes a great part of its fummer (hoots. Several fpe- 
cies of the ciftus, that ceafe growing on the approach of winter, 
but form no hybernacule, live through our mild winters, but 
fuflfer greatly in fevere frotls. And others, as the lauruftinus 
(viburnium tinus) continue to (boot and flower, unlefs the trod 
is fevere throughout the winter, fuftained by their vitality, or 
that principle whofe exigence preferves plants unhurt by cold 
before flowering, but whic h ceal'cs to cxift when the parts of 
fructification have performed their office *. 

The laurultinus is one of thofe plants that were introduced On thelaumfti- 
to Ireland before grecn-houfcs were known, .confequently 
planted in the open ground, and experience (hews that it i* chia coccinea. 
feldom hurt by froft. By it we find that fome plants, which 
to appearance are not fitted for our climate, do yet outlive our 
winters ; and that, without a knowledge of their native ftations, 
we may fometimes fuppofe plants to be tender whk h aie really 
hardy: thus the lauruftinus is unhurt by froft in iic-land until 
the cold exceeds that of its own climate. The buudlea glo- 
bofa and fufehia coccinea are other inftances of plait', that 
without a knowledge of their native climate, Chili, we would 
not fuppofe capable of being naturalized to ours. Yet is the 
buddlea feldom injured by our cold, and the fufehia, although 
killed to the ground by the winter's cold, fends Joilh abund- 
ance of (hoots which attain the height of three feet in fjnuner, 
and are decorated with its elegant flowers, which arc larger 
and much more brilliant than ever they are when confined in 
a houfe. 

* See Smith’s Tracts, page 177, and Philofophical Tranfa&ions 
for 1788. 


And 
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The plants of And there is a little doubt but many plants of Chili, and even 
efeyatedtroprtal ||, 0 f e which grow within the tropics, when found near the ele- 
cndtire the cold vation of perpetual froft, would bear the cold of Spitsbergen ; 
btitudea! SllCr ^ or 0,1 to P s mountains are found the plants of the plains 
of more northern latitudes. Thus is the falix herbacea of 
Lapland and Spitzbergen found on the tops of Mourne moun- 
tains at about the elevation of 2,500 feet. On the Serra of 
Madeira, latitude 32°, 38', and elevated 5,162 feet, is found 
the erica arborea, of the neighbourhood of Genoa, latitude 
44°, 25' *. Therefore as the temperature which prevails at 
the elevation of 5,162 feet, in latitude 32°, is found nearly to 
correfpond with that of 5J° north : the erica arborea, which 
grows at that elevation in latitude 32°, will find a climate 
fuited to its nature in latitude 51° +. But as the before men- 
tioned plants have a confiderable range of latitude, it may be 
cultivated farther north when the foil and fituation are favour- 
able. At James Holmes's, Efq. on the eaftern Ihore of Car- 
rickfergus Bay, four miles north of Belfaft, there is a plant in 
the greateft vigour at the prefent time (July 1799) which has 
now Hood uninjured three as fevere winters as Ireland ever 
experienced, viz. 1794, 5, 1797, 8, and 1798, 9 J. 

The fituation is however favourable, being -againft a weflern 
wall facing the fea, and well fheltered by difiant trees from 
ftrong winds. And in the neighbourhood of the fea I have 
little doubt but it would grow ftill farther north. 


The fea air is The fea air has generally been reckoned a powerful obitacle 
obftade to phn ° *° * ,ave Potations on its ffiores. But many obfervations have 
tations; but that convinced me that it is the wind alone which prevents the 


the open expo- 
fare is alone 
pernicious. 


growth of trees on the fiiores of the fea. Aud that on a large 
plain, where the winds are unimpeded in their courfe, the 
fame difficulty of railing plantations as on the margin of the 


ocean will be experienced. 


* See Sketch of a Tour on the Continent, by J. E. Smith* 
M.D. F.R.S. &c. page 200, Vol. I. 

f On dividing 15,577, the height of perpetual froft at the 
equator, by ihe difference of the temperature above and below, it 
is found that every 299 feet of elevation iefien heat 1°, and on di- 
viding 5,162 feet by 299, we have 17°, which fubtracled from 69 
mean annual temperature of latitude 32°, give 52, for the Serra 
of Madeira, correfponding with the latitude 51° (J.) 

J See Kirwan's table of mean annual temperatures. 


In 
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In Fofter's account of Cook's fecond voyage, it is men- Inftances of 
tioned, that the trees on New Zealand were growing foclofe 
to the edge of the water, that the fliip's mails were entangled where Weltered, 
among their branches ; and in particular fituations the fame 
proximity of trees to the fea might be obferved in various lati- 
tudes. At Fairhead, the mod northerly extremity of Ireland, 
and expofed to the fury of the northern ocean, the J'orbus 
aucuparia (mountain afh), betula alba (birch), querewt robur 
(oak), with other indigenous trees, grow luxuriantly within 
15 or 20 yards of high-water-mark. The reafon of this ap- 
pears to be that they grow' upon the lower part of very high 
land, which caufes an eddy to be formed about them when 
the wind blows from the fea ; and by the fame high land they 
are prote&ed from the foulh and fouthweft winds. 

On the top of the rocks the wind rages with the greateft As plantations 
fury, even the grafs feeming blighted, whereas below the felwheTJhelter- 
rocks every plant appears in a thriving date, and fome houfes ed, it is proper 
fituated on the lower part never have their thatched roofs dii- 
turbed by the dorms. In every other part along the coad that the firft 
where land is of the fame form it is covered with thriving ^ c «™ vpr0 - 
wood, but where the land is nearly level for a length ot way t h e coa ft j 
inland no wood appears, and every hedge is feen never to rife 
higher than the top of the bank which protedls it trom the wind. 

Therefore in order to plant near the fea on a low' fhorc, it is 
neceflary to commence the plantations a c onfiderable way in- 
land, and to allow the young trees to have others feveral feet 
taller than themfelves behind them : thefe will have the fame 
effed as high land, for by means of the oppofition offered by 
innumerable dems and branches the force of the wind will be 
greatly leffened ; as we rna> find by danding on the wdndward 
fide of a thick wood during a dorm, where, if the trees are 
lofty, the wind is much Ids violent than on an open plain. In 
water the effed of this kind of oppofition is vifible, for if into 
the bed of a fwift dream we drive a number of fluke*, the 
water, although it continues to flow', yet has its velocity dimi- 
nifhed considerably. 

Our fird plantations in an expofed place ought always to and the firft 
be of fuch trees as are natives ot mountains, lor thefe are 
fitted by nature to bear the rude bialls of winter, and by the natives of moun- 
ftiffnefs of their leaves, or flexibility of their footdalks, to re- tains 

main 
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main uninjured by a fummer florm. Of the firff, we have the 
various race of pines ; of the laft, the birch, the afpen and 
the mountain alb *. 

Thus by a careful infpeftion of the operations of nature, is 
the hand of man enabled to colled the productions of diftant 
countries around his home, cover the arid heath with waving 
green, and make the lonely wildernofs aflume a pleafing 
gloom. 


II. 


A Method of remedying certain ] n jonvcnicnces arifing from the 
Inequality of Ileut in huge Dijlillution . By Sir A. A. Eo el- 
era utz f* 


denle. 


In dl filiation It is generally known that every diftillation con fills of two 
the operation sare principal operations ; the converlion of the matter under dif- 
an d 2 f to^co n- 6 * tiUation into fleam bv heat, and the condenfation of that Jleam 
by cold. In order to the fpeedy accornplilhment of thefe two 
objects, ami without any unnecetlary expence of fuel, a per- 
fect equihbiium inult be eflabhlhed between the evaporating 
heat and the condcnfing cold; that is to fay, fuppoling this 
Inft to be conftant, as it may be practically made, (a given 
quantity of water at a fixed temperature palling through the 
cooler in a gi\en time.) The heat mull then be fo regulated 
that the quantity of fleam produced lhall be neither more cr 
lels than can be condenled in the fame time, by the cold ap- 
plied to it. A want of attention to this ciicumfiance produces 
the two following inconveniences, particularly in the diflilla- 
tion of fpirituouv liquors. 

1(1. If the tire be too Li ilk, a confiderable quantity of the 
diffipaies "part of confined fleam will pafs from the worm into the open air, oc- 
the vapor. ca finning a lofs of the matter under diflillation, and a vvafle of 
fuel. 


The heat nmift 
be adjufled to 
the cooling 
power. 


Strong heat 
waftts fuel and 


* Among the rocks of Agnew's Hill in the county of Antrim, 
1 found the populus tremula (afp^ntree) growing luxuriantly on 
the eaftern face, at about the elevation of 1,450. And on the top 
of Slemifii, the forbus aurupaiia (mountain afh) exp. 'fed to every 
ftoim at the elevation of 1,398 feet.' 

•Jr Annales de Chimie, XLV. 297. 

2nd. 
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2nd. If the fire befuffered to flackentoo much, theconden- Low heat caufes 

fation produces a vacuum in the worm and the alembic, which ^ n t e r U 11 wht c h t0 

not being fupplied in the fame proportion by frelh fleam, oc- when expelled 

cafions the outer air to enter, which renders the evaporation cjrnc * ouc va * 

* por, &c. 

and condenfation more difficult, and when it is, at lall, driven 
out, it takes with it a portion of the (team, thus occafioning a 
lofs of the matter under diftillation, as well as a lofs of time. 

In order to remedy thefo defects, and at the fame time to Inftruments for 
furnifli a finipie method of regdlering the actual iieat, I have thcfe 

thought of the following infirumcnl, which is applicable to 
any diddling apparatus, and is nothing more than an applica- 
tion of known principles ot the. y to a cl....! r .aclice. 

a t b, r , d , Fig. 1. is a Lent tube of e poor or glafs in fe- An Inverted 
parate pieces, with a bulb at 1/ ; the upoer end of the tube a 
may be attached to the orm bv m^in of a U u*w. I ne length a mercmial gage 
b c, c d is of lour feet, and the capacity o' die bulb b, is a little which allows of 
larger than the whole capacity of the tube bed. Thcdifidlation inrrPMl or ex- 
kemg begun, the condenfed Iream will j. »l\ by a and the bulb te > rnal pn-flure, 
b, into the tube bed; and when its two arms arc lull, the li- mun^cadonTrom 
quor will run out at </, into the \elfel intended to receive it. without. 

The fe two aims, Ihereloie, ienuiin tud dm mg the whole of 
the diftillation, and in this (onfifis the remedy to the inconve- 
nience above-mentioned it is evident that if the fire becomes 
too quick, the uiicondcnlcd fleam cannot lone apailage to the 
outer air, in order to diflipate itfeif, till it has driven out all 
the liquor contained in the tube b c, and has overcome (he 
preffure of a column equal in height to c d. Again, the outer 
air cannot enter to fill up the vacaum produced by the llovv- 
nefs of the h re, but by driving back the column d c, and 
overcoming the pielfute of die lame height. Now this co- 
lumn being four feet, gives range and time futlicient for the 
operator to legulate the fine jccotdingly. If the tube b c d 
were nude of glafs, we ibonld only nave to ublerve the level 
of the liquor in the two arms, the lall in b c would indicate 
that the heat fliould be dinnmlhvd, and in c d, that it Ibould 
be increafed : but tubes of this length being fubjeft to acci- 
dents, I pieler attaching to c* a final! regulator of glafs, e f e, 
the two aims of which, c j\ each of three inches long, con- 
tain meicury, and which rifing in them alternately, will indicate 
the date of the heal and the lieam with fufficient accuracy. 

Tliis regulator may be placed in a bottle or flalk, which will 

protect 
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protect it from injury. Between it and the worm is a cock g, 
which at firft communicates with the outer air, but after hav- 
ing produced a ftrong heat, the fleam is feen efcaping at g; 
by turning it a communication is opened between the worm 
and the regulator, which then begins its operations. The bulb 
b prevents the liquor prefled by the outer air from riling into 
tfe, and the alembic. It is fuperfluous to add, that, of 
whatever form the capital may be, it (hould be well luted, in 
order to prevent the accefs of the outer air. 


III. 


Account qf a Time- Piece for regiftering the Attendance of Watch- 
men, andforfimilar Purpofes; conftru6ted by Meffrs . Boulton 
and Watt, for the Right Honourable the Marquis of Ex- 
eter. In a Letter from his Lord/hip . 


SIR, 


To Mr. NICHOLSON. 


Having feen Mr. Day's account of his watchman's regu- 
lator in your Journal, dated June I, 1803, I think it may be 
proper to inform you that a clock for a fimilar purpofe has been 
invented by MeflTrs. Boulton and Watt, Birmingham, which 
cofts no more than thirty (hillings. I have had two of them 
above four years. They go eight days, and have a face like a 
clock, but do not ftrike. The dial goes round, and the hour 
finger is fixed ; round the edge of the dial are moveable iron 
pins, correfponding with the quarters in each hour. A fmall 
hammer placed behind the hour finger, when moved down- 
wards, pufties into the dial, one of the pins which happen to 
be under it at the time, which pin remains fo abafed until the 
dial nearly returns to the fame place, when by an inclofed 
plane the pin is raifed up into its firfl pofition. This gives 
time to have the machine examined in the morning, to fee 
'how many pins have been ftruck, and at what time they were 
pullied downwards. The hammer is moved by the pulling of 
a chain with a handle, like houfe-door bells, which, by cranks 
and wires is attached to it. I have one in my library, the 
’handle is out of doors. The other machine is placed n a build- 
ing 
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ing at the other end of my premifes. I have always two 
watchmen every night, and they go the round every half hoar, 
I am, 

. SIR, 

Your obedient humble fervant. 


Burghles, June 9, 1803. 


EXETER. 


IV. 

Borne Account of the Poifonous and Injurious Honey of North 
America. By Benjamin Smith Barton, M. D.* 

In the year 1785, I had an opportunity of obferving fome Honey Is fome- 
of the difagreeable effects of our wild honey upon feveral per- * 

fons who had eaten of it, in the weftern parts of Pennfylvania, injure the con- 
near the river Ohio. From thefe effefts I was perfuadcd, that ftltut,on * 
a fubftance which is generally coniidered as entirely innocent, 
is capable of doing much injury to the conftitution. I was, . 
therefore, induced to pay fome attention to the fubjeft. The 
refult of my inquiries I now communicate to the Philofophical 
Society. 

It is not neceflary to make any remarks on the fabric of ho-jt always par- 
ney. It may be fufficient to obferve, that the honey will al- takes of the na ^ 
ways partake, in a greater or IefTer degree, of the fmeli, the crs^vhencelt^ - 
tafte, and general properties, of the flowers from which it is is gathered. ~ 
obtained. This obvious fa£t fliould have folicited more of the 
attention of thofe whofe employment it is to raife large num- 
bers of bees, for the purpofe of obtaining the valuable pro- 
du6i of thefe little infe6ts. But, in this country at lead, hardly 
any attention has been paid to the fubjedl. Perhaps, the fol- 
lowing loofe hints, by pointing out fome of the fourecs from 
which an ill-flavoured or pernicious honey is obtained, may be 
of fome fervice to the new or remote lettlers of our country. 

I mud obferve, that in thefe hints I do not mean to include Common honey, 
among the difagreeable confequences of the eating of honey, 
the occafional eflfedt of its purging: for although, as I (hall 
prefently obferve, a purging is one of the common effe&s of 
the*poifonou$ honey, yet the mod innocent honey will often 

* American Tranfa&ions, V. 51. 

induce. 
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induce the fame Bate of the body, when it is. eaten in large 
quantities, or when it meets with an irritable flat© of the 
bowels. 

du^by dele°" k° ne y which I call deleterious or poifonous honey, pro- 

tcrious honey, duces, as far as 1 have learned, the following fymptoms, or 
effeds : viz. in the beginning, a dimnefs of fight or vertigo, 
fucceeded by a delirium *, which is fomc times mild and plea- 
fant, and fometimes ferocious ; ebriety, pain in the fiomach 
and inteftincs, convulfions, profufe perfpiration, foaming at 
the mouth, vomiting, and purging ; and, in a few inftances, 
death. In fome perfons, a vomiting is the firft effect of the 
poifon. When this is the cafe, it is probable, that the per- 
fons fuffer much lefs from the honey than when no vomiting 
is induced. Sometimes, the honey has been obferved to pro- 
duce a temporary palfy of the limbs; an effect which I have 
remarked, m animals that have eaten of one of thofe very ve- 
getables f from whole flowers the bees obtain a pernicious 
honey. 

They arc fehlom Death is very feldora the confequencc of the eating of this 
kind of honey*. The violent ini preflion which it makes upon 
the fiomach and inteftincs often induces an eaily vomiting or 
purging, which are both favourable to the fpeedy recovery of 
the fufferer. The fever which it excites is frequently relieved, 
in a fliort time, by the profufe perfpiration, and perhaps by 
the foaming at the mouth. I may add, that as the human 
conftitution refills, to an ^fioni filing degree, the eftcdls of the 
narcotick and other poifonous vegetables that are beft known 
to us, fo we need not wonder, that it alfo refills the effe&s 
of the deleterious honey, which is procured from fucli vege- 
tables. 

* An intelligent friend of mine related to tne the cafe of a perfon 
who, for a Ihort time, was feverely affe&ed from the eating of wild 
honey, in Virginia. He imagined that a perfon feized him rudely 
by one arm, and then by the other. After this, he fell into con- 
vulfions, from which, however, he recovered, in about an hour. 
It was imagined that this honey was obtained from a kind of poifon- 
ous mufhroom. 

f The ICalmia latifolia. 

I We (hall afterwards fee, that not one of Xenophon’s men died 
from the deleterious honey which they had eaten, in large quantities', 
on the ihores of the Euxine-Sea, 


It 
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It dpferyes to be mentioned, that the honey which is formed Refpeaing the 
py two different .hives of bees in the fame tree, or at a little U nwhSefomeor 
di fiance from each dther, often pofTefTes the moftoppofitepro-poifonou* honey. 
4 perties. Nayi the honey from the fame individual comb is 
fomelimes not lefs different in tafle; in colour, and in its ef- 
fe&s. Thus one ftratum or portion of it may be eaten with* 

Out the leaf! inconvenience, whilft that which is immediately 
adjacent to it (hall dccaiioil the feveral effects which I have 
juft enumerated. 

I have taken fome paiils to learn what are the figns by which 
the deleterious honey may, at firft view, be diftinguifhed from 
innocent honey. I am informed that there is no difficulty in 
the matter. 

Thd poifonous honey is faid, by fome, to be of a crimfon- 
colour; by others, it is faid to be of a reddifh-brown colqur, 
and of a thicker confidence than common innocent honey. 

Thefe are the figns by which, I am told, the moft experi- 
enced hunters, in the fouthern parts of North-America, are 
enabled to diftinguifh pernicious from innocent honey. 

On a fubjeft fuch as this; I feel every difpofition to pay a 
good deal of deference to the experience of an American 
hunter. Even philofophers may obtain much ufeful informa- 
tion from hunters, however wandering their life, however 
rude their manners. It is in the power of our hunters to en- 
rich natural hiftory with many important fa^ts. But we ought 
not, I prefume, to confide implicitly in every thing they 
tell u$« 

I have good reafons for doubling whether the figns which I The external 
* have mentioned will enable us, in every inftance, to deter- f lgns arc n . 0 ^. 
mine whether honey be poifonous or innocent. 

The honey of the bee, undoubtedly fometimes partakes 
of the colour of the flowers from which it is gathered. The 
tees gather honey from many flowers of a crimfon colbur, 
and from many flowers whofe colour is a reddifli brown. In 
thefe cdfesj it is probable that the honey will fometifoe's 
borrow, in fome degree, the colour of the flowers. Yet 
there are many crimfon-coloured and reddiih-brown coloured 
flowers that are perfectly innocent.. The honey obtained 
fiom them will, I prefume, be inpocent alfo. Mr. Bruce 
fays he was furprifed to fee, at fiixarv in Abyffinia,. “ the Red hoiwjf 
honey red like blood, and nothing,” he remarks, u can have 
Vol, V.— -July. an 
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an appearance more difgufting than this, when mixed with % 
melted better * * * §M Nothing is faid, by this author, that can 
lead us to fuppofe that the Dixan honey was poifonous. From * 
the maimer in which it is mentioned, it is pretty evident that 
it was not poifonous. Linnaeus informs, us that in Sweden 
the honey, in the autumn, is principally gathered from the 
flowers of the erica, or heath, and that this honey is of a 
fomewhat reddifh colour ; and accordingly, he obferves, thofe 
provinces of the country that are deftitute of the heath, fuch 
Whits honey. the province of Oelandia, ♦furnifli a white honey +. The 
great naturalifl fays nothing concerning the properties of the 
heath-jhoney. However, we may prefume, when we re- 
coiled the minute accuracy of Linnaeus, that this honey did 
not poflfcfs any dangerous properties, otherwife he would have 
noted the circumftance. WhiUl I reiided in Edinburgh, I 
had the honey from the Highlands frequently brought to my 
table. I often remarked that this honey had a dirty brownifh 
colour, and I was told that it was chiefly procured from the 
different fpecies of erica, perhaps principally from the “ bloom- 
ing bather J," which abound in the Highlands. I never 
heard the people in Edinburgh, although they confume 
large quantities of this honey, complain that it poflefles any 
noxious property. If it were adively poifonous, or injurious, 
the quality would have been, long fince, obferved. I well 
remember, however, that, for two years that I ufed it, it 
almoft always rendered me drowfy. Sometimes, indeed, it 
compofed me to flecp as effedually as a moderate dofe of 
laudanum would have done. A foreigner, who had not been 
accuftomed to eat anodyne honey, was better capable of re- 
marking the effed which I have mentioned than the natives, 
who have been in the habit of ufing it from their infancy. 
I do not find that this Angular property of the Scots honey has 
been noticed by any writer §. I have, therefore, related it, 

* Travels to difeover the fource of the Nile. Vol. V, or Ap- 
pendix, p. 151. Quarto edition. 

+ Fauna Suecica. 

t Burns. 

§ Dr. Withering fays bees extrad a great deal of honey from the 
flowers of the erica vulgaris, or common heath, and he remarks that 
“ where heath abounds, the honey has a reddifh call.” A botanical 
arrangement of Britifh plants, Ac. Vol. 1ft. 


though 
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though it rather oppofes any objection to the iigns employed 
by our hunters to difiingutfh' poifonous from innocent honey. 

But he who is ftudious of truth, (hould relate ufefdl faCts as 
they are, without regarding what is their connexion with a 
favourite fyflem, or opinion. 

The learned Jofeph Acofta fpeaks of a. grey-coloured honey 
comb which he faw in the province of Charcas, in South* 

America. The honey of this comb, he fays, is “ (harp and 
black.” He fays nothing farther of its properties *. 

An ingenious friend of mine f, to whom the public are in- The poifonous 
debted for a variety of valuable information concerning the fcarcdy'tobe 
natural productions of various parts of North- Americh, in- diftinguiihed but 
forms me, that, in the Carolinas and Floridas, the poifonous caulioM 
honey is fo (imilar, in colour, lafte, and odour, to the com- 
mon, or innocent honey, that the former cannot be diftinguifh- 
ed from the latter. It is owing, he fays, to this circumftance, 
that fo many accidents daily happen from the ufe of the wild 
honey. He was informed, that it is experience alone which 
enables the hunters and others to determine, whether the 
honey which they find in the woods be poifonous or innocent. 

They have obferved that the injurious effects manifeft them- 
felves in a (liort time after the honey is taken into the fiomach. 

They are accufiomed, therefore, to eat a fraall quantity, be- 
fore they venture to fatisfy their appetite. Should this pro- 
duce any difagreeable effe6b, they do not Chink it prudent to 
^continue the ufe of it. But, if in a fhort time, it (hould oc- 
cafion no inconvenience, they think they may, with perfect 
fafety, indulge their appetite to the full. 

I have been informed that the poifonous honey, by boiling Saints b«wa- 
and by (training, may be rendered as innocent as any honey boiiln^ani^ 
whatever. It is, like wife, faid, that by long keeping it be- (training. 

9>mes harmlefs. 

The honey of which I am treating is poifonous to dogs, as. 
well as to men. 

Hitherto, I have not been able to obtain any certain in* Remedies,' 
formation concerning the means to be purfued in the treat* 

, ment of perfons labouring under the effects of the poifonous 

* The Naturall and Morall Hiftorie of the Eaft and Weft 
Indies, &c. p. 303. 

f Mr. William Bartram. 

M 2 honey 
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The bees them- 
ielves are pro- 
bably injured by 
jthe plants which 
afford noxious 
honey. 


honey. It is faid that the Indians, and feme of the Whites, 
ufe cold bathing with advantage* It is probable, that this 
practice has been ufeful. As the eflfedb produced by this 
honey are fo fimilar to tliofe produced by feveral narcotic 
vegetables that are well known to us, fuch as opium, hen- 
bane *, thorn-apple +, &c. it is probable that the fame means 
of treatment will be found ufeful in both cafes. Of thole 
means it is not neceflary to make particular mention in this 
place. 

It would be curious to afeertain, whether the bees are 
ever injured or deitroyed by the quaffing of the ne&ar of the 
flowers from which they prepare the poifonous honey. It is 
probable that .they are ; and, perhaps, fome of the difeafes 
of thefe little infers may arife from this-fource J. It is true, 
indeed, that there are fome poifonous plants the ne&ar of 
which the bees will not touch. This is the cafe with the fri- 
tcllaria imperials, or crown imperial §. I do not remember 
to have feen bees in, or immediately about, the flowers of 
the common rofebay, or oleander |(, in the tube of which there 
ijt a fluid which deftroys thoufands of the common houfe flies. 
But what is called inftinft is not always fure. The bees may 
prepare an honey from plants that are very injurious to them. 
The excellent Mr. Evelyn,* * § fpeaking of the elm fays, u but 
I boar an ill report of this tree for bees, that, forfeiting of the 
blooming feeds, they are obnoxious to the lalk **, at their 
firft going abroad in fpring, which endangers whole flocks, if. 
remedies be not timely exhibited ; therefore, ’lis faid, in great 

* Hyofcyamus niger. 

+ Datura ftramonium. 

$ Dr. James E. Smith afferts that the honey or neftor of plants 
is not poifonous to bees. Syllabus to a Courfe of Le&ures on Botany , 
p. 23. I have feme good reafon to believe that, fometimes at leaf!,* 
the contrary is the cafe. 

§ Linnaeus, fpeaking of this plant, fays, “ Nulla, excepto 
Mfiiantbo , copiofiori melle fcatet planta, quam haec; fed apes id 
non colligunt V* Prajle&iones in Ordines Naturales Plantanum 
Edidit Gifeke. p. 297. Hamburg!, 1792. 

|| Nerium oleander. 

** This is'one of the moil mortal difeafes of bees. It is beauti- 
fully deferibed, and the remedies for it mentioned, by Virgil, 
Georgic, lib. iv, 1. 251—280. 
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elm countries they do not thrive ; but the. truth of which I am 
yet to learn f”. 

In Soutb-Carolina, in Georgia, and in the two Floridas, but Dlftri as where 
more efpecially in Eaft-Florida, the in fiances of injuries from found 1 .* 
the gating of wild-honey are more numerous than in any other 
parts of North-America, that are known to us. 

There is a traft of country included between the rivers 
St. Ilia and St* Mary's in Eaft-Florida, that is remarkable for 
abounding in vafi numbers of bees* Thefe infers, which 
were originally introduced into Florida by the Spaniards f, 
have encreafed into innumerable fwarms, from the facility 
with which they procure their food, in perhaps the richefi 
floweredrcountry of North-America, In this traft of country, 
the alarming effects .of wild-honey are often experienced, by 
the feltlers, by wandring hunters, and by lavages. 

It is highly probable, that this poilbnous honey is procured 
from a conflderable number of the flqwers of the countries flowers that 
winch J have mentioned. A complete lift of thefe flowers affard 
would be acceptable; but fuch a lift it will be difflcub to pro- 
cure at prefent. Perhaps, my hints may induce fome intelli- 
gent native of the country to favour us with flis observations 
on the fubjeft. Meanwhile, I am happy to have it in my 
power to mention fome of the vegetables from whofe flowers 
the bees extract a deleterious honey, not only in the country 
between the St. Ilia and St. Mary's, but alio in fome other 
parts of North- America. 

Thefe vegetables are the kalmia anguftifolia and latifolia 
of Linnaeus, the kalmia hirfuta of Walter J, the apdromeda 
inariana, £*nd fome other fpecies of this genus. 

I. Every American has heard of the poil'pnous properties Kalmia angui- 
of the kalmia angp fti folia and latifolia. The former of thefe *° d ,#ti " 
plants is known, ip the United States, by the names oi dwarf- 
laurel, ivy, lambkill, &c. It has long been known, that 
its leaves, when eaten by (heep, prove fytal to them. Tfle 
following fa& will fliow that the flowers likewjfe are endued 
with a poifonous property. 

• Silva : or a Difcourfe on Foreft. trees, &c* p. 133 and 134* 

Dr. Hunter's edition. 

+ See Tran fail ions of the American Philofophjcal Society. 

Vol. 111. No. 31. 

| Flora Caroliniana, p. 138* » 
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Iftpr^ve of About twenty years fipce, a party of young men, foUcked 
^m^bofe vege- profpeft of gain; moved, with a few hives of bees, 
tttfei. from Pennsylvania into* the Jerfeys, They were induced 
to believe that the favannas of this latter country were very 
fevourable to the encreafe of their bees, and, confequentiy, 
to the making of honey. They, accordingly, placed their 
hives in the midft of thefe favannas, which Were finely painted 
With the flowers of the kalmia anguftifolia. The bees encreaf- 
ed prodigtouily, and it was evident that the principal part of 
the honey which they made was obtained from the flowers of 
the plant which I have juft mentioned. I cannot learn that 
there was any thing uncommon in the appearance of the 
honey : but all the adventurers, who eat of it, became in- 
toxicated to a great degree. From this experiment, they 
were fenfible that it would not be prudent to fell their honey ; 
but, unwilling to lofe all their labour, they made the honey 
into the drink well known by the name metheglin, fuppofing 
that the intoxicating quality which had refided in the honey 
would be loft in the metheglin. In this refpedt, however, 
they weremiftaken. The drink alfo intoxicated them, after 
which they removed their hives. 

In North-Carolina, this fpecies of kalmia and the andromeda 
mariana are_ fuppofed to be the principal vegetables from 
which the bees prepare the poifonous honey that is common 
in that part of j the United States. 

The kalmia II. That the kalmia latifolia, known in the United States 
^a^animalls by the names of laurel, great-laurel, wintergreen, fpoonr 
haunch, fpoon-wr>6d, &c. is alfo a poifon. Its leaves, in* 
deed, are eaten, with impunity, by the deer *, and by the 
rotlnd-horned elk f. But they are poifonous to fheep, tp 
horncd-cattle and to horfes. In the former of thefe animals, 
they produce convulfions, foaming at the mouth, and death. 
Many of General Bradock’s horfes were destroyed by eating 
the leaves and the twigs of this fhrub, in the month of 
June 1755, a few days before this unfortunate General's 
defeat and death. In the fevere winter of the years 1790 
and 1791 r there appeared to be fiich unequivocal reafons for 
believing that feveral perfons, in Philadelphia* had died in 

♦ Cervut Virginianus of Gmelin. 

t Cervui Wapiti, mibi. 
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oonfequence of their eating our pheafent *, in whofc crops and infe&ir || 
the leaves and bods of the kalmia latifolja were found, that, their * cflu 
the mayor of the city thought it prudent and his doty, to 
warn the people againft the ufe of this bird, by a public 
proclamation. I know that by many perfons, especially by 
fome lovers of pheafant-fleih, the circumftance juft mentioned, 
was fuppofed to be deftitute of foundation. But the founda- 
tion was a folid one. This might be (hown by feveral well- 
authenticated fads. It is fufficient for my prefent purpofe 
to obferve, tliat the coliedion of a deleterious honey from the 
flowers of this fpecies of kalmia gives fome countenance to 
the opinion, that the flefh of pheafants that had eaten of the 
leaves and buds of this plant may have been impregnated with 
a pernicious quality +. 

I have been informed, that our Indians fometimes inten- ufed for fuicide. 
tionally poifoned themfelves with a decodion of the leaves 
of this kalmia. The powder of the leaves has been employed 
(but I fufped with little advantage) in the inflammatory ftage 
of certain fevers. From experiments made upon myfelf, I 
lmd that this powder is fternutatory. 

To fome conftitutions the flowers of the kalmia latifolia, 
even externally applied, are found to prove injurious. 

III. The kalmia hirfuta appears to poflefs nearly the fame Ka | m j a hirfuta* 
properties as the two fpecies which I have juft mentioned. 

This pretty little flirub is a native of South-Carolina, Georgia, 
and Florida. 

In Georgia and in Florida, this fpecies of kalmia is fup- 
pofed to be the principal vegetable from which the deleterious 
honey in thofe parts of our continent is procured. 

IV. The andromeda mariana, or broad leafed moorwort, Andromeda ma» 
is a very common plant in many parts of North America, riana. 

* Tetrao Cupido of Linnaeus. 

f It is not a new fufpicton, that the fleih of animals that have 
eaten of the leaves, &c, of deleterious vegetables is fometimes 
endued with a poifonous property. Georg. H. Welfchius, a very 
learned German writer, quoted by Dr. Haller, (See Htftoria 
ftum Indigenarum Helvetia Incboata, Tom. I. p. 433.) fry*, 
that the fleih of a hare which was fed with the leaves of the rho- 
dodendron ferrugineum proved mortal to the guefts: This fpecies 
of rhododendron is a native of Switzerland, Siberia, and other 
parts of the old world. 


The 
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Plant) affording 
poifonous honey* 


The leaves’ ate polfdtibtts to freep. The petiotf, 6r fcbtt 
ftalks of the leaves* and the feeds, within ihefeed-veflel, Art 
covered with a brown powder, fimilar to that of katmfaei 
This powder applied to the noftrils occafions violent freez- 
ing *. From the flowers of this plant, the bees extraft don* 
fiderable quantities of honey ; and it deferves to be mentioned 
that this honey, as well as that obtained from feme other 
American fpecies ofandromedp, has frequently the veryfmell 
of the flowers from which it is obtained f. 

I have already obferved, that it is highly probable, that 
the American poifonous honey is procured from the flowers of 
a confldefable number of the plants of the country, I have 
mentioned but a few of them. But there are many others 
which I have fome reafons for fufpedting are alfo capable of 
affording' an injurious honey. Indeed, every flower that is 
poifonous to man, and is capable of affording honey, may 
produce an honey injurious to man ; finee the properties of 
this fluid are fo dependant ‘upon the properties of the plants 
from which it is procured. There is, therefore, more poetry 
than philofophy in the following lines of Mr.- Pope : 


te In the nice bee, what fenfe fo fubily true, 

“ From pois'nous herbs extracts the healing dew.V 

Essay on Man, Epiftle I. lines 211 & 212s 


I have been informed that, in the fouthern parts of our con- 
tinent, there is a plant, called hemlock, from the flowers of 

* For fome information relative to the properties of the Andro- 
meda mariana, fee Collc£lions for an Eflay towards a Matcpa 
Medica of the United States, pages 19, 20, 47, Philadelphia, 
1798, 

f In juftice to the fine genus of andromeda, I mpft obferve, that 
all the fpecies do not furhifh a pernicious honey. The andrompda 
nitida or lucida of Bartram affords an abundance of ne&ar^ or 
honey. The flowers of this lpccie$ are called by the country 
people of Carolina and Georgia, “ honey flowers,” not, however, 
merely from tfie circumstance juft mentioned, but f,om the regular 
pofition of the, flowers on the peduncle, which open like the cells 
of a honeycomb, and from the odour of thefe ffowers,^ whiph 
greatly refembles that of honey. This fpecies grows abundantly 
\n the fwamps called jjay-galls. The inhabitants of Carolina are 
universally of opinion, that it affords the greateit quantity of honey, 
apd that of the beff quality* 


which 
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which the Jbees prepare a honey that is poifoftOus* The Wants affording 
flowers are faid to be yellow, and the root a deadly ppifom 
I do not know what plant this is. Moft probably, it is feme 
umbelliferous plant, perhaps a cicuta, an angelica, or a 
fcandix. 

Some fpecies of agaricus, at lead fome fungous vegetables, 
that grow in the fouthern dates, are extremely poifonous. 

As accidents from the ufe of deleterious honey have happen* 
ed in the fame countries in which thefe poifonous fungi grow, 
it has been fuppofed, and aflerteci, that the poifonous honey 
is prepared from a dew that collects upon thefe fungi. Per- 
haps, this fuppofition is not entirely devoid of foundation *. 

I tliail now mention a few vegetables from the flowers of 
which, I think, it will be found, that the bees collet! a poiloa- 
ous, or injurious honey. Thefe are : 

* If the celebrated author of the Recherches Pbilofophiques fur 
Us Americans be ftill living, this account of our poifonous and in- 
jurious honey (Ihould my memoir fall into his hands) would aftprd 
him fome entertainment. I wpuld advife him to conneft the falls, 

\yhich I here communicate, with the remarks concerning our in- 
fers contained in the firft volume of the Recherches (fee p. 169 
and 170.) I hope, however, that Mr. De Pauw, who, notwith- 
Aanding his love of fyitem and his many errors, is certainly a man 
of great reading, will recollelt, that the Greek and Roman writer* 

(as we /hall afterwards fee) have faid much concerning the poiibu- 
ous honey of various parts of the old world. And now let me add, 
that in America there is as good honey as in any other parts of the 
world ; and there is not a fcarcity of this good honey. The honey 
which ip co] Idled from the flowers of the tulip-tree (liriodendron 
tulipifera), the buckwheat (poligonum fagopyrum), the red-maple 
(acer rubnim), the clover (tiifolium), and many other plants i* 
excellent. The Abbe Clavigero fays, the bee of Yucatan and Chiapa 
makes u the fine clear honey of Eftabentun, of an aromatic flavour, 
fuperior to that of all the other kinds of honey with which we are 
acquainted." (a) TbeHiftoiy of Mexico, Vol. I. p. 68. Perhaps on 
foihe future occafion, I may communicate to the Philofophical 
Sbciety a lift of thofe indigenous vegetables which, as furnifhing 
an innocent and excellent honey, are worthy of prefervatioxi in 
the neighbourhood of apiaries. The lift is an extenfive one. 

(A) This fine honey, according to the Mexican hiftorian, is 
“ made from a fragrant white flower like jefiamine, which blows in 
September.” 


1* The 
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ffatssffordbg- I. The rhododendron maximum* or Permfylvania mounfaiu 

foHbooiis honey* J ftttre J t This belongs to a very a&ive gem as of plants. We 
have already feen that one of the fpecies, the rhododendron 
ferragineam* was* long ago* obferved to produce the feme 
effe&s which have been afcribed to the kalmia iatifolia. An* 
other fpecies* the rhododendron cryfanthum* has been found 
a powerful medicine* and has been ufed in Ruilia* with 
much advantage* in the ifehias* in chronick-rheumatifm* and 
in other difeafes; and we fhall immediately fee that from 
another fpecies a poifonous honey has been procured m the 
neighbourhood of the Euxine-Sea. " The footftalks of the 
leaves* and alfo the feeds* of our rhododendron maximum* are 
covered with the fame brown powder as I obferved covered 
the leaf-footftalks and the feeds of feveral of the andromedse* 
and the kalmiae. This powder in the thododendron* as well 
as in the andromedae and kalniioe, excites ineezing* and it is 
curious to obferve that a fncezing is mentioned by Diofcorides 
among the fymptoms produced by the honey about Heraclea 
Pontica. That honey* as will be prefentl) fliown* is pro* 
cured from the rhododendron ponticum. 

II. The azalea nudiftora. This fine ftirub is well known 
in Pennfylvania, and other parts of the United States* by the 
name of wild honeyfuckle. Of its properties I know nothing 
certain. It has* however* too much of the family face* and 
is too frequently found in company with the rhododendron 
maximum* and the kalmia?* not to make me fufpicious that it 
partakes alfo of the chara£ters of thefe deleterious vegetables. 
Moreover* a fpecies of this genus* the azalea pontica of 
Linnaeus, is fuppofed to be the sgolethron of Pliny* who 
mentions it as the plant from which the poifonous honey about 
Heraclea Pontica is prepared. The tube of the flowjer of our 
azalea is perforated by the large bee* called bumble-bee. 

III. Datura ftramonium. This plant is known by a variety 

of names* fuch as Jameftown*weed* gymfin* ftink-weed* 
French-chefnut. Its active and poifonous properties are now 
pretty generally known. Children have often been injured 
by eating the feeds. The tube of the flower contains a con* 
fiderable quantity of honey. This honey is bitter* and has 
much of the poifonous fmell. Bees quaff it. But admitting 
that it is of ^ poifonous nature* it does not follow that our 
cuhiutUd bees (if I may be allowed to ufe tins cxprclfion) 
* N will 
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will colled fe much of this lioney as to prove injurious to thofe « 

who eat of it. But, in particular places, where this plant has 
been permitted to increafe to a great degree, large quantities 
of honey may be collected from it : and I cannot help fy Im- 
peding that the ule of this honey may prove injurious *. 

Some of the ancient writers of Greece and Rome have re- Ancient ac- 

lated inftances of the deleterious properties of the honey oi < : ou ? wo £ 

„ 1 * ' noxious honey, 

certain countries. The botanift Diofcorides, fpeaking of the 

rhododendron ponticum, a fpecies of the fame genus to which 

pur mountain laurel belongs, has the following words : 

'* About Heraclqp Poniica, at certain feafons of the year, 

the honey occafions madnefs in thofe who eat of it ; and this 

is undoubtedly owing to the quality of the flowers from which 

the honey is diflilled. This honey occafions an abundant 

fweatipg, but the patients are ealed by giving them rue, fall- 

meats, and melheglin, in proportion as they vomit. This 

honey,” continues the Greek botanift, “ is very acid, and 

paufes freezing. It takes away rednefs from the face, when 

pounded with coflus. Mixed with fait or aloes, it difperfes 

the black fpots which remain after bruifes. If dogs or twine 

l'wailow the excrements of perfons who have eaten of this 

honey, they fall into the fame accidents f. 

Pliny has alfo taken notice of this poifonous honey. *• In 
fome years,” fays the Roman natural!#, “ the honey is very 
dangerous about Heraclca Pontica. It is known to authors 
from what flowers the bees extract this honey. Here is what 
we have learned of the matter. Jn thofe parts, there is a 
plant called aegolethron, whole flowers, in a wet fpring, ac- 
quire a very dangerous quality, when they fade. The honey 
which the bees make of them is more liquid than ufual, more 
heavy, and redder. Its fraell caufes freezing. Thofe who 
have eaten,of it fweat exceflively, lie upon the ground, and 
call for nothing but cool drinks J”. He then makes the very 
jreinarks which I have quoted from Diofcorides, whofe words, 
indeed, as Mr* Tournefort obferves, he feems to have merely 
tranflated. The following remark, however, appears to be- 

* See the late Dr. Samuel Cooper's inaugural diflertation on the 
properties and effects of the Datura Stramonium, p. 33. Phi- 
ladelphia, 1797. 

+ Diofcorides, as quoted by Mr. Tournefort. 

% C. Plinii Secundi Natural is Hiftorise, Lil*. XXI. cap. xiii« 

long 
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Ancient ac- long to Pliny : " Upon the feme ebaft of the Pohtus, there 
«wcbut°honcy. ** ^ 00n ^ another fort of honey, which is called mcenomenon *, 
beeaufe thofe who eat of it are rendered mad. It is fuppofed, 
that bees colled it from the flowers of the rhododendros, which 
is Common among the forefts. The people of thofe parts, ah* 
though they pay the Romans a part of their tribute in wax, 
are very cautious how they offer them their honey f." 

The Greeks and the Romans have often defcribed the 
various plants that were known to them, in fuch dark and 
“Obfcure terms, that the botanifts of modem times are frequent- 
ly^ a lofs to determine, not merely the fpecies but alfo the 
•genus the ancient writers have mentioned. With refpeft, 
however, to the plants which I have juft mentioned, the 
difficulty does not feem to be great. Mr. Tournefort has, I 
think, (hown, in a very fatisfadory manner, that the aegole^ 
thron of Pliny in the chamae-rhododendros pontica maxima, 
Mefpili folio, flore luteo of his Injlitutiones, a plant fince 
defcribed by Linnaeus, and by otiier botanifts, by the name of 
azalea pontica. Mr. Tournefort has likewife fhown, that the 
other plant called by Pliny rhododendros in his chamierhodo- 
dendros pontica maxima, folio laurocerafi, flore coeruleo 
purpurefeente J. -This is the rhododendron pontioum of 
Linnaeus. It is confiderably allied to the azalea pontica. 

Xenophon has recorded the remarkable effects of fome 
poifonous honey, in his celebrated work, called Memora- 
bilia. 

When the army of the ten thoufand had arrived near Tre- 
bifond, on the coaft of the Euxinc or Black Sea, an accident 
befel the troops which was the caufe of great confternation. 

As there were a great many bee-hives,” fay the illuflrious 
general and hiftorian, " the foldiers did not fpare the honey. 
They were taken with a vomiting and purging, attended with 
a delirium, fo that the leaft affe£ted feemed like men drunk’, 
and others like mad men, or people on* the point of death. 
The earth was ftrewed with bodies, as after a battle; not a 
perfon, however, died, and the di, (order ceafed the next day, 
about the fame* hour that it began. On the third and fourth 

* From the Greek verb, Mabopo, infan io* 

f Ibid. 

I Inftitutiones, &c. 

days, 
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Ay«* tlie foldiers rofe, bat in a condition people are in after Ancient *c- 
taking a ftrong potion SiL 

The fame fa# is recorded by Diodorus Siculus. 

Mr. Tournefort thinks there is every probability that this 
poifonous hotoey was fucked from the flowers of fome fpecies 
of chamaerhododendros, or rhododendron. He obferves that 


all the country about Trebifond is full of the fpecies of this 
plant, and lie remarks that Father Lambert, Theatin mif- 


fionary, agrees thut the honey which the bees extra# from a 
certain ftirub in Colchis or Mingrelia, is dangerous, and 
caufes vomiting. Lambert calls this ftirub oleandro giallo, or 
the yellow rofe-Iaurel, which Mr. Tournefort fays is, without 
difpute, his chamaerhododendron pontica maxima, Mefpili 
folio, flore luteof ; the azalea pontica f already mentioned. 

There are feveral paflages in the Roman poets, which plainly 
(how, that they were no Grangers to the poifonous properties 
of certain kinds of honey. It is not neceflary to mention all 
thefe paflages. But the following are worthy of notice. 

Virgil cautions us not to fuffer a yew tree to gro\y about 
bee-hives : 


Neu propius tefiis taxum fine .- 

Georgic. Lib. IV. 1. 4-7. 


In his 9th Ecologue, the fame philofophic poet fpeaks of 
the yews of Corfica as being particularly injurious to bees. 

Sic tua Cyr turns fu giant exumimi taxos. 1. 30. 

The honey of Corfica, as Dr. Martyn ftrongly exprefles 
it, “ infamous for its evil qualities J.” 

The 


* Thefe are nearly the words of Mr. Tournefort’ s tranllation. 
I am forry that I have not the original work of Xenophon at hand. 

t See Tournefort’s Voyage into the Levant. Vol. iii. p. 68. 
Englilh tranflation. London, 1741. 

I Sfe his Tranllation of the Georgies of Virgil, note to line 47, 
in book IV. Dr. Martyn’s criticifms and annotations always dt> 
mand attention. I greatly doubt, however, if the taxus of Virgil 
be the common yew, or any fpecies of that genus. Martyn hitnlelf 
allows, that ** it does not appear from other writers (befide Virgil), 
that Corflca abounded in yews.” I have been aflured, that the yew 
is not an indigenous vegetable in that ifland, and that it is even 
rare among the foreign vegetables. It may, indeed, be laid, 
perhaps it was common in the time of Virgil. I would obferve, 
that the yew is much lefs poifonous than has been commonly iup- 

« p»M 
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Advantages of The railing of bees, for the purpefes of procuring their 
tiwtToiepSnc* hone y * n< * * e * r wax > may, at fome future period, become an 
near bee hives, object of great importance to the United States. Surely then, 
* c * it would be a matter of confequence to attend to thexultivation 

or prefervation of thofe vegetables which furnUh an innocent 
and a welt-flavoured honey, and a good wax. But even in a 
, more limited view of the fubjed,* fome knowledge of thefe 
vegetables feems to be indifpenfibly neceffary. And in the new 
fettlement, whither the fettler has carried his bees, where im- 
provements are (till very imperfect, it cannot be deemed a tri- 
vial talk to have pointed out fome of thofe vegetables from 
which an injurious honey is obtained. 

The ancients, who, in fome refpe&s at lead, were equal 
to the moderns, appear to have paid much attention to this 
fubjedt. Virgil * and Columella have both told us what plants 
ought to grow about apiaries. It is unneceflary to repeat, in 
this place, what the two Roman writers have faid on the 
fubjcdt. The Georgies of the Mantuan poet are in the hands 
of every man of tafle ; and the work of Columella f Jhould 
be read, wherever agriculture engages the attention of gentle- 
men. 

The proper management of bees may be coniidered as a 
fcience. It is not fufficient that bees merely make honey and 
wax. Their honey may be injurious or poifonous, and their 
wax may be nearly ufelefs. To affift, and to direct the labours 
of thefe little infers, the knowledge and the hand of man are 

pofed. I know not that any modem writer has pretended that the 
bees procure a pernicious honey from its flowers. Thefe fa£h give 
rife to my fufpicion, that the taxus of Virgil was not the yew, or 
taxus of the modern botanifts. If not the yew, what vegetable was 
it? Perhaps, the buxus virens, or box. This vegetable abounds 
in Corfica, where to this day It is known by the name of taw. The 
gentleman from whom I received this information allured me, that 
the bees of Corfica are very fond of the flowers of the box,' and, 
that the honey from this fource is reputed poifonous. The box is« 
unqxtefttonably, a poifonous vegetable. But there is ftill a dif- 
ficulty in the cafe. Virgil mentions both taxus and buxus. I 
think there can be no doubt that his buxus (fee Georgic. lib. IK 
)• 449.) is the buxus pf the modern botanifts. 

♦ See Georgicorum, lib. IV. 1. 30,— 32- 
f Pe R« Ruftica, libri XII. 

required. 
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required. Let, then, this interefted being be at lead attentive 
to his own benefits* and pleafures. Let him carefully remove 
from about the habitations of his bees every fetid or potfonou* 
vegetable, however comely its colour pr its form. ' In particu- 
lar, let him be careful to remove thofe vegetables which are 
noxious to himfelf. In place of thefe, let him fpread the 
“ marjoram and thyme,” and other plants, *' the love of 
bees V” and his labours will be rewarded. He may, then, 
ftirnifh his table with an honey not inferior, to that of Mount 
Hermettus, or of Athens; nor to that of Sicily, to which 
Virgil has fohandfomely alluded in the feventh Eclogue; 

Nerinc Galatea, thymn mi hi dulcror Hyblce , 

Candidior cygnis, hederd formofior alba . 

L. 37, 38, 


V. 

On thc Compofition and Ufe of Chocolate . By Citizen Par- 

MENTIFR t- 

Among the fubftances with which the conqued of the new Preparation of 
continent has enriched the old, mud be placed the cocoa or ^ lc 

cacao nut. From this fruit, or ralher from this feed, it is that 
the Mexicans have, from time immemorial, prepared their fa- 
vourite beverage, chocolate : This confifts of cocoa roaded 
and brQifed, which they mixed by ftirring water, and added 
the flour of maize to give it confidency, together with pi- 
mento to flavour it. The exidence of fugar was unknown to Importation of 
them, becaufe the cane, which is indigenous to India beyond 
the Ganges, was not brought to Saint Domingo by Defiicaca j n< |j ei ^ e 
until 1506; and becaufe Baladro was the fird who fubmitted America, 
this plant to the operation of the mill, in America}. 

The Spaniards partook of the enthufiafm of the Mexicans in The preparation 
the wonderful properties which they aferibed to chocolate; ft c ^° y la t t c kcpt 
and its preparation, notwilhdanding the little (kill it requires, Spaniards. 

Coon became in their hands an object of fpeculation ; they kept 

* Armftrong. 

+ From the Annales de Chimie, No. 134, tom. XLV, 139. 

} See an excellent (ketch of the only hiftory of Sugar, by Dr. 

Falconer, in our Journal, quarto feries, II. 136. 
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ft fecret, and fold, and continue to fell to bthernations, a fi tri- 
ple pafte of cocoa toafted, bruifed and brought laid the foriri 
of cylindrical rolls, for chocolate. - 1 * • 

The ufe of fagar having been rendered more cdmmbft in 
Europe by the introduction of the cane Into ctar colonics** it 
foon became the univerfal condiment, and the Spaniards did 
not fail to make it an addition to the preparation of chocolate; 
for the purpofe of correcting its unpleafantnefs to thofe ' who 
were onaccuftomed to this beverage ; but it wsts not till fome 
time afterwards that other nations made the difcovery that Co- 
coa was its bafe, fitgar its feafonirtg, and cinnamon artd vanilla 
its aromatic ingredients. This difcovery became a fource of 
wealth to a number of individuals, who in their ttirft made a 
myftery of it; hence arofe the chocolates of Italy, of Portugal, 
and of Spain, which, compared with thofe prepared in Paris, 
and the other towns of France, poflefs no fuperiority. Why 
fhould we allow thofe countries to have fuch an advantage over 
us? The ingredients which form chocolate are not cultivated 
in them any more than with us, we all obtain them from the 
fame fourdes and at the fame charges. At Naples, Liibon, 
and Madrid, the chocolate of France is in great efteem ; but 
it is an eftablifhed maxim in all countries that one (hall be 
thought a prophet at home, and this proverb may alfo be ap- 
plied to chocolate. 

I (hall not enquire whether chocolate really deferves the en* 
comiums beftowed on it, or whether it be advantageous in all 
the cafes in which its ufe is recommended. If we credit* the 
writings of thephyficiansof fhe two worlds, nature has formed 
the cocoa as a remedy for all the evils that afflict the human 
race, and as the means of prolonging life beyond its accuftom- 
ed limits. But it is difficult to guard againft exaggeration, 
particularly on the fubjeft of produ£tions which frequently have 
no other value but that arifing from their growing at a difiance 
from us, and under another heinifphere. From experience 
and observation we have learned nothing more than that cho- 
colate is an agreeable aliment, light and of eafy digefiion; it 
is for that reafon given particularly to convalefcents, to per- 
fons of delicate habits, and to the aged. In fa£t, to obtain its 
good effects uniformly, it is necellary that the ingredients of 
which it is compofed fhould be properly felc&ed, well pre- 
pared, and intimately mixed, fo as to form a foft, homogene- 
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On the ether hand, on confidering the nature of the fitfM* J, . a phatm«. 
ft&nces which form chocolate, and the mode in which thek^^ preplrt * 
combination is produced, we are forced to acknowledge*]! 
ihe charafterift ic9 of a preparation truly pharmaceutical* and 
to aBow that it requires a degree of cafe and attention, of 
which ordinary labourers are incapable without (uperintend* 
artce and direction. 

The fele&ion of cocoa is not fufficient to give that quality to and requires (a 
chocolate which it ought to have: this fruit mail be lifted, then madTupl^ 
roafted by a gentle heat to deprive it of its humidity and to 
deyelope the odour and flavour which belongs to it ; it muft 
be peeled grain by grain to feparate the bark, the germ or ra* 
dicle and thofe nuts which appear to be fpoiled ; the cocoa, 
thus picked, muft be ground for a long time with a certain 
quantity of the fugar on a ftone, gradually heated qq a fand- 
bath ; the remainder of the fugar is not to be added until the 
fecond bruiting, and the aromatic ingredients, which are 
pounded with the fugar, are not to be put in till near the clofe 
of the operation. It is then divided into a mafs of a fuitable 
weight, and fafhioned in tio moulds, whence it is taken when 
cold to be wrapped up, care being taken to keep it in a dry 
cold place : the winter is the moft favourable feafon for this 
operation. 

Since the various fpecies of cocoa which are found in com- Preparation of 
merce could not, were each treated feparately, produce cho- chocolate for 
colate of a good quality ; it is ufual to mix them in proportions pur p 0 f M# 
which are determined by the price intended to be charged, and 
by the tafte or fancy of the confumer; when it is flavoured by 
cinnamon alone, it is called chocolat defantS : it bears the name 
of chocolate of half, one, two, or three vanilloes, when there 
are a half, one, two, or three pods of that fruit in a pound of 
4, becaufe the weight of the pods are unequal. 

Qhocolate thus compofed is infinitely preferable to the crude Superior to that 
pafte of cocoa which is ftill prepared in the Antilles, and which 
(the Spaniards continue to fend to us, under the pretence that 
it is more commodious in that ftate, becaufe the fugar and ero* 
ftatic ingredient may be added in the requifitc proportion when 
ufed, but the chocolate thus made does not poflefs , a perfect 
homogenity. The butter of cocoa constantly rife* to. the fur- 
face; for when the fugar is bruifed with , cocoa in the ftonq, 
during the mixture, a more intimate combination of all the 
. Vox,. V.— July. N principle* 
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principles is effeded. In a word, the chocolate thus obtained 
is more completely diffolved, more mifcible in water and coin 
fequently more eafy of digeftion ; on the other hand, although 
cocoa does not become rancid fo eafily as the fruits which are 
analogous to it, it may be apprehended that from being espofed 
too fuddenly* to the action of the heat neceflary to bruife the nut, 
the oil and the batter which it contains being fet free, it may 
lofe part of its miklnefs and become acrid and heating. 

Of the Fraud* committed in the Fabrication <f Chocolate . 
frauds to the Jt is, no doubt, unfortunate, that in the commerce of food, 
iftanu are. ^ 0 f humanity, that fentiment fo pure and fo 

natural, might feem to banifh all want of confidence, and 
every fordid intereft, we neverthelefs difeover that frauds are 
multiplied in proportion as the objects pafs into different hands 
to Acquire their alimentary or medicinal properties. It is not 
nty intention to attach perfonal blame to any individual, but 
the improper condud of fome manufacturers render it necef- 
fary to give precautions, w hich are, no doubt, ufelefs with re- 
gard to others, who fulfil the duties of their ufeful profeffion 
with a degree of fidelity worthy of the belt of times. 

Partly noticed Baumt, in his Elements of Pharmacy, and Demachy, in his 
by others. Art of the Liqueur-maker, have difeovered part of the abufes 
which are committed in the fale of chocolate. I fhalt feel 
happy if, by adding fome obfervations to what has been al- 
ready publUhed by thofe chemifts, I (hould fucceed in preferv- 
ing the juft reputation it deferves, and which it has loft in the 
Opinion of fome individuals only by the faults of the prepara- 
tion, or by the addition of materials foreign to its compofltion. 
Inftance of the Among the number of perfons I have heard complain againft 
bad efieQ. au. chocolate, I fhall inftance a lady of a tolerably good conftitu- 

fing from foieign . , . , r •. . ... . ^ 

mgiedients. tioh, to whom it had been prelcribed as a medicine; the ill ef- 
feds flie experienced from it gave me reafon to fufped the pa* 
rity of her chocolate: I examined it, and found that it eon- 
tatned a quantity of farinaceous matter. Now this fubftance 
had been expreftly forbidden by her phyfician ; I perfuaded 
Tier hdt to difeontinue t^e ufe of chocolate, but to procure it 
elfeWheres the uneafinefs, the opprefhon, and the acidity 
'which had tormented her, foon di (appeared, and her ftomach 
'was infenrfibly reftored. Thus the means to which (he ought 
to have been indebted for her cure, were likely to have proved 
the caufc of her deftrudion. 


I thought 
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t thought it a doty to take this opportunity to examine other Examination of 
chocolates bought indiscriminately from feveral makers; feme various kmds% 

I found to be faithfully prepared ; but others contained the fa- 
xina of wheat, others the farina of lentils, of peas and of beans, 
and laftly, the fecula Of potatoes. It will be faid that thefe 
fiibftances are not injurious to the animal ecbnomy ; and to that 
I agree. Bat in circumtiancfes in which chocolate makes part The aided in- 
of a regimen; and is prefcribedas a medicinal food, they can- gradients though 
not but be prejudicial to the health : betides, why introduce fome^ay^m- 
ihem into it ? they, are intirely foreign to the compofition of proper *m the t 
chocolate. Thefe obfervations apply to all the additions which ul * 

•re mentioned in advertifement9, and fuppofed by fome pee* 
fons to be improvements* 

But admitting what is not true; that it is neceifiry to make Any addltfca 
chocolate thicker and more fubtiantial, the mixtures here men- lm P ro 9*> 
tioned ought not to be made till the moment of its preparation, 
and, if I may be allowed the expreffion, under the eye of the 
confumer. I mutt obferve that, if it be thought ufefut fb add 
farinaceous matters, they (hould always be employed in the 
fiate of fecula or fiarch, becaufe in that date they are deprived 
of glutinous and extractive matter, and contain the alimentary 
principle only* 

The composition of chocolate ought to be diftinguiftied from unlefs made by 
its preparation, or making up ; the latter is in the province of the confumer. 
the confumer, who may add at his pleafure the yolks of eggs, 
for the purpofe of giving to his beverage a more faponaceous 
character, and make ufe of milk infiead of water to increafe 
its nutritive properties. It has even been remarked that many 
who are unable to take milk without the immediate production 
of acidity, have fucceeded in digetiing it by the help of a little 
chocolate ; but I again repeat, that if it fliould be the detign 
of a phytician to prefcribe it, it is a medicine on whole effects 
he cannot rely, while its compofition continues arbitrary and 
uncertain. 

There are other frauds (till more injurious to the eflfe&s of Injurious frand*. 
chocolate, which I have alfo difcovered in thy examination ; 
fome makers procure, at a low price, the refufe of cocoa pafte, 
from which the butter has been extracted, and Replace it by 
oils or animal fats ; others add roafied almonds, gutn UagacUnlh, 
or gum arable ; and lafily there fome who provide them- 
felvet with acrid, bitter, and ne*Hy gathered cocoa-rtuts, be- 

N 2 caufe 
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caofe thefe articles, which arefclwAys to be* bad at Jo wpr i£es, 
are capable of bearing a greater quantity of fugar, which proa 
portionally diminitties the prime cod of the chocolate; * 
Bad qualities We muft aHo obferve that, with the belt intentions, the cho* 
want^ftfll, co ^ te ma y be of inferior quality, without containing any fa* 
reign ingredient, becaufe the fubftances in its compofidoa a nay 
» have been ill-fele&ed, or the firft operation may have been, in 
feme refpefts, carelefsly prepared : the whole art cotrftfts in 
choofing the quality of the cocoa, and above all, in avoiding 
either extreme in roatting it y rf it be too fiightly rogfted, it re* 

‘ taint a difagreeable tafte; if it be burned* it not only acquires 
bittemefc, but the liquid prepared from his black and wants 
that un&uofity which is fo much admired in it; and ta&y, if 
the germ be not feparaied from the two lobes, of the fruit; its 
hard and horny (late, refitting the adion of the bruifingandthe 
boiling, it will be found entire at the bottom of the cup of 
chocolate : its prefence is futtkrient to (how that the firtt work, 
which confitts in peeling the cocoa grain by grain, has been 
neglected, and that no more care has been bellowed on the 
fubfequent operations. 

or by careleffnefs Another obfervation is that the greater number of the work* 
in the fabric*- roen t0 w } 10m the fabrication of chocolate is confined require 
much overlooking on the part of the matter ; they may be un- 
faithful when they are employed by taik-work ; they will bruife 
and work the patte carelefsly, and, to fave labour and time, 
they give a degree of heat which is too powerful and particu- 
larly injurious to the quality of the chocolate. 

• Methods of difcovering the Frauds . 

Methods of dif- It is not enough to have pointed out the frauds praftifed in 
covering frauds# the fabrication of chocolate, and all the defe&s of negligence 
or choice in the qualities of the materials and in the prepara* 
tion. We (hall have only accomplilhed half our objeft, if we 
do not enable the confumer to dittinguitti them fo as not to be 
miltaken# 

Qualities of cho * Thofe who are accufiomed to pure chocolate can eafily 
collate when ge- j U( jg e 0 f its goodnefs : its fradture ought to (how nothing of a 
nmm * granulated appearance. On tatting it, it, ought to melt in the 
mouth, and leave a fort of frefiinefs ; and laftly, in making 
drink o if it, it ought to acquire, either with water or with milk, 
only a moderate confidence. 

2 In 
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- In ail cafes when (he chocolate leaves a pafty tafte in the 
month * when in preparing it, the liquor exhales on the firft 
boiling a fmell of glue ; and when after its entire cooling it is 
Converted into a fpecies of jelly, we may be certain that the 
chocolate contains farinaceous matter, in quantity proportioned 
to the degree of the effeQs here pointed out : if it depofits at 
the bottom of the cup, fmall hard bodies, and an earthy or* 
gravelly fediment, it is a proof that it has not been well picked 
and that raw fugalr, more or lefs coarfe, has been ufed inftead 
of refined fugar. The fmell of clieefe difcovers the prefence 
of animal fats, and rancidity, or that of emulfive feeds ; and 
the bitter, faline or mufty flavour announces that the cocoa 
employed was too green, too much roafted or decayed. 

It cannot be too often repeated that chocolate is not an in- Probity and cam 
different preparation ; it does not require fcience, but probity preparation 1 .^ 
and care ; the makers of chocolate ought to leave the con- 
Turners the right to add what they pfeafe, when they are de- 
firous either to increafe its efficacy or its pieafantnefs, accord- 
ing to their own choice. They are often led by improper con- 
iidence, or an economy ill underflood, to take it of an inferior 
quality ; for chocolate in fa£fc poffefles a real value, notwith- 
flajiding which, many are unwilling to pay more than half its 
fair price, while others pay much too dear for it. 

The limits of a notice will not permit us to point out the 
chara&ers which diftinguifli the cocoas of commerce from each 
other, nor to afcertain here at what price the chocolate can be 
obtained by thofe who fabricate it : thefe details fliall be the 
fubjeiSi of a feparate memoir. 

It refults from what I have faid, that chocolate is notatpre- General refultr > 
fent what it was when the Spaniards conquered Mexico, at 
the beginning of the ffxleenth century ; that no peculiar me- 
thod is required for its preparation ; that though the proportions 
of the elements which compofe it may be varied, the procefs 
for applying and difpoflng them to form a good compound, 
muft be conftantand invariable; that its quality depends upon 
the choice of the ingredients and the care employed in combi- 
ning them ; that negligence, avarice, and quackery change its 
nature fo much as to convert it into a heavy, indigeflible and 
heating fluid ; that in order to procure it with all the qualities 
which chara&erife good chocolate, it is neceffary to buy of 
dealers of good character, and at a fair price ; and laflly, that 

every 
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every manufacturer who admits into the Competition of choeo* 
late, materials which ought not to form a part of it* or atlefify 
which the eonfamer does not require, diredly injures his health. 
He who adulterates an article of general ufe, ought to be 
aware that though he conceals himtelf in the obfcurity of his 
work-toops to introduce low priced ingredients into his choco* 
late, and to difguife them, yet he cannot efcape from a chemi* 
cal analyfis, which can inftantly difcover his frauds, and de« 
nounces his pernicious art and his name to the public notice. 
Additional eh* To the obfervations contained in this notice, I (hall add thofe 
Cadet! 001 ^bich citizen L . C. Cadet has communicated to me on theche- 
mjcal analyfis of certain foods. I (hall ufe his own words; 

“ The prefect of the police lately charged me to analyte 
Come chocolate which he fufpe&ed to contain fome noxious 
fubftances. I (hall not enter into the detail of the multiplied 
experiments which this examination required. Nit (hall confine 
this notice to a Angle remark, founded on the following fad : 
tin manuftc- *• To difcover whether this chocolate contained any metallic 
was found°o te febftance, J incinerated it and waihed the afhes with very pure 
contain a metal- nitric acid, which retained every thing that was foluble. 
lie precipitate The filtered lixivium was clear, but I had fcarcely poured in- 
to it a hidro-fulphuret, when I obtained a very abundant, black, 
metallic precipitate. This refult gave me much uneafinefs, 
becaufe I was ftill ignorant of the nature of the metal, and it is 
alwa)s diftrefling to find a pernicious fubftance in an article of 
•—of iron, food. I tried the lixivium with prufiiate of potato. Immedi- 
ately a beautiful Prufiian blue was formed, which reipoved my 
apprehenfions. I continued the examination with different 
andalfo lime, re«agents, and the oxalic acid too wed me the prefence of lime. * 
It was interefting to learn whether the iron and the lime which 
I had difeovered would be met with in all chocolates : I then 
made an analyfis of the Caracca cocoa and of fome of the bed 
which are not from the plantations : I did not find in them either lime or 
buTarc'in^du 1 meta ** I immediately caufed fome chocolate to be prepared 
cedbythepre- from the fame cocoa and very white cryftallized fugar; the 
rent methods of analyfis difeovered a pretty large proportion of iron and lime. 
wm It is, therefore, the fabrication which introduces thefe two 

fubftances into the chocolate, and the quantity is greater in 
proportion to the care beftowed on the manipulation. In fa£t 
the cocoa is roafted in a cylinder of (heel iron fimilar to thofe 
uled in reading coffee. It is afterwards beat in an iron mortar 

and 
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and finally ground with an lfdrt rolled on a calcareous done, 
the furface of which is worn by the fti#ion, and affords the 
lime. 

" If the cocoa was roafted in a vefTel of lefs oxidable me- Propofed *lt er* 
tat, or in welt baked earthen-ware; if the pafte was ground atl0ng# 
on a granite or a porphyry with a roller of the fame materials, 
the chocolate would contain neither lime nor iron. In mani- 
pulations on a large fcale, metallic fubftances are often intro- 
duced into the fubjetts of operation* Hence the extra# of 
tamarinds, and more particularly the extra# of liquorice (Spa- 
nilh juice,) contains fo great a quantity of copper, that this 
metal is frequently vifible at the firft infye#ion ; for the fame 
reafon apothecaries are obliged to purify them to avoid thofe 
ferious accidents they might occafion. 

49 I was curious to know what was the proportion of metal Proportions of 
and earth thus introduced into the chocolate. I repeated the Introduced? 16 
experiments with care on quantities accurately weighed, and 
I ascertained that five he#ogrammes (one pound) contained 
twenty-four decigrammes (forty-eight grains) of lime, and 
twenty decigrammes (thirty-fix grains) of iron ; this propor- 
tion is the minimum. Thus a ipan who takes a cup of choco- 
late daily, at the end of the year has eaten eight hundred and 
fixty-four decigrammes (three ounces) of lime, and feven 
hundred and forty decigrammes (two ounces two gros) of iron. 

“ As iron is a falubrious metal and as the proportion of the 
lime in the chocolate is not very confiderable, no uneafinefs 
need be formed refpe#ing the ufe of this aliment ; neverthelefs. Utility of analy* 
I am of opinion that phyficians will perceive the utility of col- fing aliments * 
lotting the analyfes of the different fubftances ufed for the 
nourifhment of mankind. Until our perfe# growth, the deve- 
lopemeni and folidification of our bones requires that we fhould 
abforb from our food a certain quantity of lime ; and we re- 
collett with interefl the labours of Citizens Vauquelin and 
Alexander Brogniart, who found lime in flour, and who calr 
culated that a man who ednfumes only one pound of bread in 
a day will have eaten near two pounds of lime at the year's 
end. 

99 When a man has arrived at the fummit of his growth, 
he has no longer occafion for the fame quantity of lime 5 hence 
it is found abundantly in his urine and excrements; but as this 
earth, in the different digeftive paflage* meets with different 
3 acids 
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adds which combine with it and form felts, the greater nom* 
her of which, fqch as the phofphate and oxalate are bat little 
foluble, it frequently produces diforders in the mod neceffery 
organs of life j it is known that it is the bafe of moft of the 
urinary calculi 4 and arthritic concretion. It is therefore highly 
important to the progrefs of medicine, to examine the aliments 
which contain this earth, in an oftenfible manner. The Citi* 
zens Vauquelin and Alexander Brogniart, found it in abundance 
in bread : I have difeovered it in chocolate. 

44 Citizen Delavilie, in a memoir which made part of the 
hundred and twenty*fecond number of the Annates de Chemie $ 
fays, fpeaking of the fap of cabbages, 49 this fep evaporated 
yields a confiderable quantity of fulphate of lime, the fap of 
radifhes affords refults nearly fimilar.” 

44 Here then are four aliments which are frequently Cm- 
ployed at the fame time, and which carry into the paifages of 
digeftion a confiderable quantity of lime. Other inftances 
might be cited, fuch as ciders ameliorated by the merchants 
with chalk, and I have thought thefe fads were not unworthy 
of the attention of phyficians. It is the aflemblage of fuch 
obfervations, trifling in appearance, which frequently explain 
the caufe of the phenomena belonging to phyfiology. Nothing 
Ihould be negle&ed in animal chemiftry, the principal aim of 
which is the prefervation of our health and the annihilation of 
the mod dreadful maladies which afHid human nature. 


VI. 

On the Caujbs by which the Oxigen of the Atmqfphere is JUpplfed 
or renovated . In a Letter from Mr . Robert Harrvp. 

To Mr, NICHOLSON. 

SIR, 

If you think the inclofed paper of fufficient importance to 
meet the public eye, be fo kind as to give it a place in your 
valuable and interefting Journal, 

I am. Sir, V • 

your obedient humble fervant, 
ROBERT HARRUP; 

Chatham , , June 22, 1803. 

WHEN 





* WHEN we confider the t great importance of oxigen ip Great Import. ? 
the fyfleto of nature, its *lmaft univerfel agency .and the ixfo *** «»<* prodU 
menfe quantities which are every inftant cpnfumed on the fit*> fion oftxij^n^ 
face of the globe, the queftion naturally arifes, from what co^ in the fyftem of 
pious fources are we fuppljed with this wonderful fubftance in naturc * 
a gafeous (late? As neither animal life nor corn £u ft ion can be 
maintained one moment without it, the quantity daily det- 
ftroyed muft exceed all calculation. To form fome diftant 
idea of this confutoption, let us endeavour to afcertain the 
leaft poffible quantity which muft neceffarily be decompofedin 
a given time, in a large populous city. It is proved by expe- 
riment, that one perfon confumes about five cubic feet of at- 
mofpheric air in an hour, or, in other words, decomposes the 
oxigen gas contained in that quantity. Now, if this gas is 
taken at one fourth -of tlie whole, it will be found that 100 
perfons decompofe 12 5 cubic feet every hour, and if the popu- 
lation of London be taken at 800,000 perfons only, the quan- 
tity deco mpo fed every hour, will amount to no left than one 
million ‘ cubic feet. £ut if this quantity is deftroyed by refpi- Confumption In 
ration alone, how much more muft be con fumed by combuf-J^ 1 ^” 
tion in the fame fpace of time. It would indeed be difficult feet in a day • 
to afcertain with any degree of precifion, the quantity neceL 
fary for maintaining a common fire, but if the combuftion of a 
middle iized candle be equal to the confumption of one perfon 
by refpiration, it is certainly much under-rating the quantity 
if taken at four times that of the former. However, fup- 
pofing it to amount to no more, it muft follow that the oxigen 
gas decompofed by refpiration and combuftion only, in the 
City of London, amounts to the enormous quantity of five 
million cubic feet per hour. 

Soon after the difeovery of the component parts of atmo- Renovation of 
fpheric air, Drs. Prieftley and Ingenhouz fhewed by a great ve * c * 

number of experiments, that oxigen gas was emitted by ve- 
getables when expofed to the rays of the fun. From this faQ 
it was immediately concluded, that the atmofphere was princi- 
pally, if not altogether, fupplied with oxigen gas from this 
(ounce. This opinion, which ftill obtains without any attempt 
to controvert it, appears to me objedionable in feveral refpefts. 

In the firft place, it is doubtful if the fupply from this quarter 
be at all adequate to the confumption for Dr. Prieftley, like- 
wife found that vegetables during the night, emitted a gas to- 
tally 
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fumfed to be tally an fit for refpiration or combuftion, fo that the oxtgeft gas 
formed in the day would not only be confomed in the night bjr 
* <iroai * thefe prooefles, but a deleterious gas added to the atmofphere. 

But fuppofing the quantity of this latter to be fo finall as to 
produce no effefi, yet it muft be admitted, that while the fun 
» under the horizon, none of the former can be produced ; 
indeed it is only by the direct influence of the folar rays on 
living vegetables that it is evolved at all. How many circum- 
ftances then under the temporary deprivation of light, muft 
concur to obftrnft the evolution of this falutary fluid from ve- 
getation. The inhabitants of countries where fogs or clouds 
obftrudt the folar rays for weeks, nay months together, muft be 
indebted for life to the winds Wafting oxigen gas from regions 
far diftant from their own, where a perpetual fpring and cloud- 
lefs ikies prevail. In the depth of winter, when half the world 
lies buried under ice and faow, and vegetation fuffers a tem- 
porary fufpeq^on, every living creature in thefe climates muft 
be indebted to the fame friendly winds and regions for health 
and life. 

Cxigen abounds TJaofe portions of the furface of the globe which furniih 
Swirfo? oxigen gas from vegetation, are not only fubjedt to moil of the 
defer*, and * perpetual interruptions already mentioned, but make but a 
SHn* 1 law** 1 ** P ar * w ^ en compared with the whole. The vaft tracts 

where vegeta- °f ocean can afford nothing for the prefervation of animated 
tion and the folar beings more than the fandy defert bounded only by the horizon, 
dominate the" or e t erna My frozen regions of either pole, and the blafts of 
fnoft. the north would carry deftrudhon to all at Icaft who inhabit 

near the artic circle. It would be only in the torrid zone 
where we could expedl to find, in fufhcient quantity, that life 
fupporting fluid, which, unfortunately for the common received 
opinion, is as abundant in the midft of London at all times, as 
at Nova Zembla, or on the line. As nature, ever uniform, 
makes the moft ample provifion for carrying on her operations 
throughout her works, it cannot be ferioufly maintained that 
(he would truft a bufinefs of fo much importance as the pre* 
fervation of animal life, to means fo precarious as clear or 
cloudy weather, or the viciflitudes of the feafons. The quan- 
tity of oxigen gas contained in the atmofphere is found to be 
nearly the fame at pll times and in all places, whether in the 
depth of winter or middle of fummer, whether on land or on 
water, whether in the crouded city or remote hamlet, but if 

the 
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the general opinion were juft, it would be fobjefl: to perpetual 
variation. From this tingle && we infer, that affinity or at- Theftpplylf ‘ 
traction is concerned in keeping up a conftant and regular fup- Geochemical 
ply# and that however unequal at different times the con- affinity $ 
fumption may be, that power will ftill continue to ad in a 
proportionate degree. Several years ago, I conjectured that 
the water in a date of folution in the atmofphere, or that which 
compofes the clouds, might be decomposed by the adion of 
light,* and confequently furnifh a fufficient fupply. With this not perhaps 
view I made feveral experiments, by expofing water in glafs aquwup 

yeflels to the influence of the rays of the fun, but could never vapor, 
fucceed in producing a (ingle bubble of any fort of gas, although 
confined with air of different degrees of denfityyand in vacuo, 
and expofed for feveral months. At that time 1 attributed the 
yvant of fuccefs to the difficulty of imitating nature, therefore 
did not abandon the'idea entirely. 

Meditating on the fubjed fome time after, I conceived it hut from the 
extremely probable, whatevef may have been alledged to the 
contrary, that azotic gas has fome degree of affinity for oxi- with oxigen. 
gen, and that the combined adion of this fluid and light might 
be fufficiently powerful to decompose water. To determine 
this point, 1 made the following experirqent, which fucceeded 
beyond expedation. Into a fmall tranfparent glafs retort. Experiment, 
filled with frelh drawn pump- water, I introduced 17 ounce Azotc S aa was 
meafures of pure azotic gas of the temperature of 56 * , and i n an invertei 
inverted it into a bottle filled with water, and funk to the neck vcffel * 
in a pot of fand ; the mouth of the retort defeended to within 
about an inch of the bottom of the bottle. After accurately 
marking that part of the neck of the retort at which the water 
flood, it was placed on the outfide of a window fronting the 
fouth, April 22, 1301. On the firft three or four days of ex- 
pofure, a number of very minute bubbles appeared on thefides 
of the glafs and rofe to the furface. They after this entirely 
peafed, and the water became fomewhat turbid. In about 
three weeks, having recovered in a great degree its trapfpa- 
rency, an infinite number of fmall yellowifh particles were 
uniformly dififufed through it, and which continued to the end 
of the experiment. The volume of included gas was per- 
ceived to be increafed fome time after expofure, and qftcr fome 
day* qf uninterrupted JUnfhine . Some time in the beginning of 
Q&ober, long after the gas had ceafed to gain any additional 

bulk. 
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bulk, the apparatus was taken in* and being brooght to the 
temperature of 56°, I had the falisfa&ion to find it was in* 
creafed confiderably. After marking the neck of the retort 
where the water now flood, in order to know whether any 
farther change would take place, the whole was placed in a 
dark clofet, near which a confiant fire was kept. After fland^ 
ing till November 23, 1802, no increafe or diminution had 
taken place. Upon examination, the increafe was found to 
be fomewhat more than four ounces, as the whole meafured 
upwards of 21 • It now exhibited all the properties of atmojt 
pheric air . A fmall taper continued to burn in a given portion 
the fame fpace of time as in an equal quantity of common air. 
fiy feveral trials with Mr. Davy’s eudiometer, it was found to 
contain a fomewhat larger proportion of oxigen gas then the 
air of a large room where the trials were made. And the teft 
by fulphuret of potato (hewed the fame. What appeared fur* 
prifing was, that no hidrogen gas could be found. Its abfence 
is not eafily accounted for, I can only conje£ture that the hi* 
drogen might have entered into combination with fome extra- 
neous fubftance contained in the water, as the oxigen was 
evolved particularly, as all that part of the in'fide of the retort 
with which the water was in contall, was lined with a pelucid 
whitito film, which came off in large flakes upon rinfing it. 
It feems to me extremely difficult if not impoffible, to account 
for the oxigen gas produced in this experiment, otherwise than 
from the decompofition of the water. It cannot be fuppofed 
that this quantity of gas (no lefs than 4ozs.) was held in an un* 
combined ftate in the water/ which in all amounted to little 
more than a pint. That portion of oxigen gas which is found 
naturally in water, feems to have been extricated at the be- 
ginning of the experiment as already mentioned, which alto- 
gether could not have amounted to two drams by meafure at 
moft, and no more was obferved to arife. Neither could it 
be from putrefa&ion, as the water was free from fmell, and no 
hidrogen gas produced. 

Are we to conclude, then, from thefe falls, that bv the 
combined allion of light and azotic gas water is decompofed,. 
and that when the gas ceafes to all, or is faturated, if I may 
ttfe the expreffion, no further decompofition lakes place till a 
portion of the oxigen gas is feparated? If this be admitted, 
we can readily account for the immenfe quantity of oxigen gas 

with 
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wifli WWc&the atm ofphere mttft be neceflarily ftipplied to keep 
pace with the confumption, and alfo why it is only found m 
M invariable proportion* 
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Report on a Memoir * fent to la SocietS Libre des Pharmaciens, 

: of Pari to By Cit. Robert, Chief Phyfician io the Hofpitol 
of Humanity, at Rouen , By f Citizens C. L. Cadet and 
fioULLAY. 

OlTIZEN ROBERT recounts the different experiments Introductory 
made by Citizens Fourcroy and Vauquelin, on the efFedts of obfcrvatlons * 
fur-oxigenated muriate of potafh united to certain combuftible 
bodies, and fubmitted to the a&ion of a blow or fridtion ; thefe 
brilliant detonations are now known to all chemifts ; they are 
equally well informed of the inflammations which take place 
when the fame bodies are plunged into concentrated fulphuric 
%cid. Cit. Robert has modified the latter experiments in an 
interefting manner. Inftead of throwing the inflammable mix- cit. Robert’s 
tures into the acid, he only touches them with a tube wetted experiments, 
with this acid. In this manner he inflamed, 

lft. Three parts of the fur-oxigenated muriate, and one 
p4rt of fulphur. 

2d, Three parts of the fame fait, half, a part of charcoal, 
and as much fulphur. 

3d. Equal parts of antimony and fur-oxigenated muriate, 

4th. Equal parts of fulphuret of antimony and of the fait. 

5th. Equal parts of kermes and golden fulphur (and the 
fait.) 

6th. Equal parts of arfenic and the fait. 

7th. Three parts of the muriate and one of fugar. 

8th. Three parts of the muriate and one of charcoal. 

9th. A part and a half of the muriate and three parts of 
gunpowder. 

f ’* The fubjeft of the Memoir itfelf is the inflammation of com* 
buftible bodies combined with fur-oxigenated muriate of potafli, by 
contact with fulphurifc acid, C Sc B. 
f From the Annales de Chimie, Frimaire, An. XI. 
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And laftly, paftesra&de with alcohol, olivc*oiI, ahd fiir> 
oxigenated muriate of potato. 

Repeated with We have repeated all thefe experiments which fucceeded 
4 * perfectly, as well as the following! which appeared with reafon 
to CLL Robert, to deferve attention# 

He charged a piftol witli common gunpowder, and having 
primed it with the mixture of powder and muriate mentioned 
above, he inflamed it with the fulphuric match *, and it wpf 
off. 

further expert* Cit. Robert obferved, that the report, the colour of the 
^complete the A ame > an£ l the odour exhaled by the various combuftibles are 
enquiry. eflentially different; but he made no enquiries refpeding the 
gafes they formed, or the compounds which remained after 
the inflammation. We propofed to colledt the gazeous pro- 
ducts in a hidro-pneumatic apparatus, for the purpofe of ex- 
amining them, but the time appointed by the fociety for mak- 
ing our report being but a few days, we have poftponed thefe 
enquiries. 

Tho* curiofity alone may appear interefled in purfuing 
fuch experiments, we have thought it a duty to try, in a Ami- 
lar manner, feveral Ample and compound fubftances, the in- 
flammation of which had not been before attempted. 

New Experiments made by the Commijioncrs. 

New expert- The manner of operating being nearly the fame, to avoid 
msnb. the continual repetition of the fame formula, we (hall only 

point out the lubftances united with the fur-oxigenated muriate 
Phofphorus. of potafh. Phofphorus prefented beautiful deflagration. Hi- 
Hidrogen gas. dfogen gas took Are. To perform this experiment, we filled 
a bladder with inflammable air. To its ftop-qock we affixed 
a Ample adjutage or copper tube with a Angle jet. We moif- 
tened this tube with fulphuric acid, and touched it with fur- 
oxigenated muriate of potafli, at the fame time prefling the 
bladder to make the current of the gas pafs over the fait. At 
the inftant of contact the gas took fire, as if by the ele&ric 
fpark. 

Metal*. Gold, filver, zinc and iron, yielded no other phenomenon 

but the decrepitation of the fait alone. We were not furprifed 


v The tube and fulphuric acid* Tranflator, 
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mt t}u$ negative refult with the two firft metals, which ere Hot 
eafily oxidable, but ainc and iron promifed an inflammation* 
bccaufe they detonate by a blow. 

Brown oxide of copper, the refidue of the diftillation of Metallic oxides 
acetate of copper burnt without flame, with fparks refembling 4nd 
thofe from gerbes d* artifice (a kind of firework called the wheat 
flieaf.) 

Metallic fulphurets fucceeded pretty well, particularly the fulphurets* 
fulphuret of tin or aurum mufivium, and the black fulphure of 
mercury. The left yields a very beautiful white flame. Am- 
ber, fuccinic acid, bitumen, did not take fire, but the decre- 
pitation was very confiderable. 

Among the vegetable fubflances fome inflamed eafily, fuch Vegetables, 
as the volatile oils, refin, turpentine, gum copal *, and gum 
elemi, gum arabic, the dull of lycopodium, l'oap, camphor, 
cotton, and fawduft. This laft article did not always fucceed, 
but with the addition of a little fulphur it makes an excellent 
powder of fufion, which from the facility of its inflammation 
by a re-agent, may be ufeful to mineralogies. 

We tried ftarcb, it inflamed with difficulty, but we fuc- 
ceeded in making it burn. Ether takes fire very quickly. We 
obferved that in this experiment as well as in thofe with cam- 
phor and alcohol, very little of the fur-oxigenated muriate was 
decompofed, and it did not bum, but was folely of fervice to 
favour the inflammation. To afeertain that fa£i, we mixed 
fulphur with the refidue of the experiment, the fulphuric match 
produced a fecond combuftion. 

We made a pafte with the fur-oxigenated muriate and 
honey ; this mixture caught fire, fwelling up and emitting an 
odour of boiling fugar mixed with a very penetrating acid, 
which one of us believed to be acetic acid. 

Chryftallized benzoic acid diffufes a confiderable reddifli 
flame; tartareous acid and acidule burn alfo very well; tar- 
trite of potafh offers a beautiful whitifli flame ; tartrite of foda 
prefents neither inflammation nor light. Antimoniated tartrite 
of potafh gives beautiful fparks without flame. 

Oxalic acid with the oxigenated muriate fparkles without 

* The gum refin, copal, (till but little known, has been aifimi- 
lattd by lome chemifts with amber. This experiment eflablifhes a 
very remarkable difference between thefe two fubflances. 

inflammation. 
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ihflaromatfon. Acette Acid products a confiderable deflagra* 
tton and a beautiful biueiCh flame. The acetates of potato 
and foda take fire with crackling. 

AhUmd matters. Thefe rtfults induced us to examine what animal matters 
were fufceptible of burning by the lame proceffes ; we tried 
dried gluten and hartfhorn (havings without fuccefs. 

The yolk of an egg, wax, butter, tallow and greafe, burnt 
like oil, but with lefs crackling ; wool and a piece of rabbit's 
(kin with its fur on, (trongly impregnated with fur-oxigenated 
muriate of potalh, were inflamed and continued to burn until 
their total incineration. 

Singular refults. Among thofe experiments which prefented us remarkable 
Angularities, we mud mention the fulminating powder which 
we could never fet fire to, though it was decompofed with a 
confiderable difengagement of gas and heat. Three other 
mixtures with metallic bafes furprifed us greatly by their ter- 
rifying detonation, by their rapid inflammation, and by their 
ltrong effect in fire-arms*. Cif. Robert has no doubt tried 
them, but he makes no obfervation on them. We (hall copy 
his referve, and only allow ourfelves two remarks. The arms 
are ftrongly oxided and foon defiroyed by thefe mixtures, 
which are expenfive and more difficult to prepare than gun- 
powder ; we think they are not capable of being granulated. 
Their inflammability would render their carriage and their ufe 
too dangerous, fince a blow or fri&ion produces detonation. 
We (hall conceal their names, becaufe malevolence too often 
abufes the fatal fecrets made known by chemifls. The re- 
membrance of the calamities at Eflone, Hill more the public 
fafety makes it our duty to be filent, and not to give a new re- 
fource to the cruel art of deftroying mankind. 

* They take fire like powder by the fpark from a gun flint. 


Defcription 
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VIII. 

Defcription of a Telegraph ujhd in Sue den. Conftru&ed by Sir 
A . N. Edelcrantz, CounfeUor of the Chancery * and pri- 
vate Seci x etary to the King of Sweden, Archivift of the Orders 
cf His Majefty, and One of the Eighteen Members of the 
Szvedi/h Academy . From the Copy of a Trcatife on Telegraphs, 
communicated by the Author . 

.AfTER numerous obfervations on the various deferiptions Qualities requi- 
of fignals, and an hidorical detail of the ufe of them, from the * ** tclc * 
mod remote antiquity to the prefent time, the author dates 
the principal qualities of a good telegraph to confift in : 

1. Perfection in the principle of the machine, and in the 
nature of the fignals, 

2. Perfection in the means employed to work the machine. 

The firft of thefe requires : 1. a diffident number of fignals 

to exprefs not only letters, but alfo fuch words and phrafes as 
are in general ufe : 2. that the fignals (hall be fo apparent, 
that any one may fee them very didinCtly : 3. that the appli- 
cation of the lignals to their refpeCtive fign ideations fhall be 
eafilv undeiitood and retained. 

The fecond requires : 1 . the lead poffible weight and fric* 
lion of the parts : 2. quicknefs in the movements and changes 
of tiie fignals : 3. certainty to prevent midakes and ambiguous 
re fu Its. 

The credit of uniting all thefe qualities in one machine, are firft united by 
aferibed to M. Chappe, the inventor of the French telegraph, cha PP c * 
of which lie gives a defcription. The number of fignals it is 
capable of, allowing the angle of inclination of its refpeCtive 
arms to be to 0 , is 2 56 ; by dimini filing that angle to 30° they 
may be increafcd to 86 t, and in like manner the number may 
be ftill further augmented by every diminution of the angle, 
but the fignals would be proportionally lefs diftinCt. 

When this difeovery was announced, the learned of all coun- Attempts to 
tries inftituted enquiries into its principles and conftruftion. J^u^ionand 011 * 
Afnong others, the Chevalier made various machines. Tome principles of the 
refembling the French telegraph, and others totally different, French tele- 
and after many attempts he fucceeded in eonfiruCting that gra ^’ 
which is the principal fubjeft of his treatife, and to which he 
Vo l. V. — July. O gave 
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gave the preference, becaufe it occupied lefs fpace, was more 
rapid and eafy in ics movements, more certain and unequivocal 
to the 'fight, and, to all its other advantages, added that of 
being ufeful by night. 

Defcription of the Machine. 

a, b, c , d, c,f, (Fig. I, PI. XII.) is a frame of wood, in the 
openings of which are placed ten (butters at equal difiances 
from each other, in three vertical ranks, that in the middle 
confining of four (hutters. Thefe (hutfers, which (hould be as 
thin as polfible, may be made of wood, iron or copper, and 
are fixed on an axis on, the extremities of which move in holes 
made in the frame. On the axis on, perpendicular to its di- 
rection, but with an angle of 45° to the furface of the (butter 
is a fmall arm m s, from one extremity of which a firing de- 
scends to the bottom of the frame, by means of this and of the 
arm m s , the (butter receives at pleafure a vertical or horizontal 
pofilion. Fig. 1 reprefcnts all the (hutters in a vertical pofi- 
tion, and Fig. 4 (hows the profile of the machine, the (hutters 
being horizontal. It will be eafily feen, that when the (butters 
which are very thin, are obferved from adiftanceand horizon- 
tally, they will be fcarcely perceptible ; but they become vi- 
fible, if, by drawing the firing sk, a vertical pofition is given 
to them. When the machine is at reft, the (butters are kept 
in a horizontal pofition by a weight q attached to them at /, 
and are fupported by»the pin pi. In the other pofilion they 
are kept upright by a piece of wood p place behind them, but 
which is fhown in front in the plate. To prevent the firings 
from getting entangled, the arms m s are fixed at unequal dif- 
tances from their refpeCtive (hutters. The firings pafs through 
holes made in the crofs plank ur, or u u u, (Fig 2.) which 
(hows the plan. They may then be made to pafs through the 
plank w xm, and be fecured to ten rings 1 1 , each correfponding 
to one finger, by which means a fmall machine may be conve* 
niently worked. 

According to this conftru&ion, 1 024 combinations or dif- 
tinCfc fignals may be formed by railing or lowering the (hutters. 
The better to diftinguilh them they are exprefied by numbers 
on the following principle. Leaving out the upper (hutter A, 
the machine will confift of three vertical lines, with three (hut- 
ters on each. To the upper (hutter of each line give the value 
4 of 
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of 1, to the fecond 2, and to the laft 4, and from the value 
of the fingle (butters form that of their combinations. Thus 
when the firft and fecond (hutters on a line are vifible, they 
will lignify 3 = 1 + 2, the firft and third 5 = 1+4, the 
fecond and third 6 = 2 + 4, and the three together 7 = 
1 +2 + 4, and in the fame manner for each vertical line. 
If in any of the lines no fli utter is vifible, the vacancy is ex- 
prefled by o. Thefe three lines give 5 1 2 different fignals, 
and the number is doubled by the addition of the fhutter A. 
Thus in exprefling the number of the fignal, fuppofe the firft 
and fecond (hutters of the firft line to be feen, all three on the 
fecond line, and none on the third, the value muft be written 
370, if to thefe the (hutter A is added, the number muft be 
exprefled by A 370, and fo of every other combination. On 
the left fide of the machine is placed an arm H, the ufe of 
which is partly to diredt the arrangement of the lines, begin- 
ning from that fide ; and partly to point out the middle fhutter 
in each line. It may be made moveable on hinges, and can 
then be concealed or made vifible at pleafure. It will be 
cafily conceived that the method of valuing the lines may be 
varied by agreement, fo as to be reckoned from right to left, 
or horizontally, in either direction : thus the pofition of the 
telegraph as indicated above, may be exprefled by 370 — 
670 - 073 - 076 - 662 — 266 - 332 or 233, but the me- 
thod firft deferibed feerns to be the moft natural. 

By the mode of reckoning, the value of the (hutters as de- 
feribed above, it will be feen that they are capable of expref- 
fing every number of three places, from 000 to 777, which 
does not contain an eight or nine. To make ufe of thefe num- 
bers, a table muft be conftrudled on the following plan. 
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Table of 
cyphers. 


000 

100 

200 and to on tc 

000 - - - 777 

001 - - - 776 

002 - - - 775 

003 - - - 771 
001 - - - 773 

005 - - - 772 

006 - - - 771 

007 - - - 770 

<C AT* rj. CO Ol — © 

ID C © O ^ ^ ^ 

a • a i 1 • • 1 

a • « i • * • 1 

■ a i i i i i i 

OOOOCOC© 

200 - - - 577 

201 - - - 576 

202 - - - 575 

203 - - - 574 
20+ - - - 573 
205 - - - 572 
205 - - - 571 
207 - - - 570 

010 --- 767 

011 - - - 766 

012 765 

013 - - - 76+ 
OH - - . 763 

015 - - - 762 

016 - - - 761 

017 - - - 76C 

110 - - - 667 

111 - - - 666 
1 12 - - - 665 
I J3 - - - 664- 
114*- — 663 

115 - - - 662 

116 - - - 661 
117 - - - 660 

210 - - - 567 

211 - - - 566 

212 - - - 565 

213 - - - 564 

214 - - - 563 

215 - - - 562 

216 - - - 561 
217 - - - 560 

020 - - - 757 

021 - - - 756 

022 - - - 155 

023 - - - 754 

024 - - - 755 

025 - - - 752 

026 - - - 751 

027 75C 

120 - - - 657 

121 - - - 656 

122 - - - 655 
.123 - — 654 

12+ - - - 653 
! 125 - - - 655 
1 126 - - - 651 
) 127 - - - 65( 

220 - - - 557 

221 - - - 556 

222 - - - 555 

.223 554 

1221 553 

\ 225 - - - 552 

226 - - - 551 
)227 - - - 550 


completing the lories in each dirc j 6tion until the whole number 
of combinations are exprrflWI, and filling up the vacancies be- 
tween the double row of numbers with fuch letters, figures, 
words or fentcnces, as may have been previoufly agreed upon, 
its ufe by night. The two rows of numbers are only neceflary when the tele- 
graph is intended to be ufod by night as well as by day, in 
which cafe it nuift be obvious, that when the concerted fignal 
is made by raifing the fhutters, thofe lights which are placed 
behind them, as will be described hereafter, become hid, and 
the value of the fignal is reverfed in confequence of the open 
fpaces being vifible infiead of the clofed ones. 

A fecond table muft alfo be formed to contain the fame ferles 
with the letter A prefixed as described above. 

The corrcfpond- When the correfpondence requires fecrecy, the fignifica- 
cnce may be t ; ons 0 f ihefe numbers, and the methods of eflimating their 
fgerei, va i ue m ay be varied alraoft to infinity by any one verfed in the 

knowldge 



DESCRIPTION* OF A TELEGRAPH USED IN SWEDEN. 


197 


knowledge of cryptography. Several plans of this kind are 
inferted by the Chevalier, the details of which would extend 
the limits of this paper too far. 

Methods of working the Machine . 

It has been already noticed, that a fmall machine may be Methods of 
worked by the rings 1 1 , but as the firength of the fingers are wor in *’ 
unequal to the weight and refiftance of a large machine, more 
powerful means inuft be had recourfe to. With this view the 
author propofes to replace the rings with metal rods affixed to 
the firings, and having a button at the lower extremity of each. 

To work the machine fo prepared, hr propofes to nave an in- 
firament of iron nearly in the form of a T, at the bottom of 
which ffiall be an opening or ftirrap to nr eive ihcfoot. The 
crofs arm of it is to have ten notches corresponding 10 the ends 
of the rods, and is to be kept on a lev * 1 vvi*h them by a weight 
behind. When a fignal is to be made, the ends of the rods 
hanging to the (butters which are to be clofed, are flipped into 
their refpe&ive notches, and the machine is worked by pref- 
fing down the inftrument with the foot. When the fignal has 
been obferved the foot is withdrawn, and the infirument re- 
fiored to its original pofition, by the weight which has been 
deferibed. The rods are then difengaged, and the whole is 
in a date of preparation for the next fignal. This may be 
more expeditioufly performed by another contrivance formed 
of ten plates of metal moveable on a common axis, and each 
having a hollow in its outer edge. When the machine is at 
refi, Ihefe plates are in a vertical pofition, and the box con- 
taining them is placed before the lower ends of the rods. To 
make a fignal, the plates correfponding with the rods intended 
to be acted on, are puflied with the lingers into an horizontal 
pofition, and the box fiid along in two grooves made for the 
purpofe, by which means all thole rods are prefied into their 
refpective notches at once, and a confiderable fpace of time 
is faved, while the rods whofe correfponding plates retain their 
vertical pofition are unmoved. If a (till greater force is re- 
quired to work the machine than can be obtained by the foot, 
a winch with rackwork, or with a pulley, infread of the up- 
right bar of the inftrument, may be applied to the crofs arm. 

In order to afford more perfpicuity in making a fignal, the Each fignal may 

Chevalier alfo propofes to form the combinations of each re- b* madc by 

r ds awing one rod 

fpedhve oa eac h \\ nu 
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fpe&ive line by means of united firings, thus to reprefent 1, 
a firing attached to that thutter is fattened to a rod numbered 
1 ; for 2, a firing is brought from that thutter to a rod num- 
bered 2; but to produce 3, a firing from each of the (hutters 
1 and 2 is affixed to the rod numbered 3, and in a iimilar 
manner 5, 6 and 7, are each produced by combining the firings 
before they are united to the rods. In this method the num- 
ber of the rods are increafed to 22, but as only one of each 
line can be ufed at once, and they are all numbered, there is 
lefs probability of a miflake, and the quicknefs of the opera- 
tion is increafed. 

Requires only According to the conftruCtion above defcribed, it will be 
fcns^work k, ^ een ^ at one P er *° n ls Efficient to work the largeft telegraph 
at the extremities of the line of ftatiens, provided the telefcope 
is fo placed that he can look-out and work the (butters at the 
fame time ; but in the intermediate fiations, where the obferva- 
tions muft be made with two telefcopes, in contrary directions, 
there fliould always be two perfons who may relieve each other. 
It is not requifite that they (hould be men above the common 
rank ; all that is wanted of them is to be able to write down 
the numbers, and to combine 1 , 2, 3, 4. In the attempts 
made by the Chevalier, he, during a year and half, employed 
only children, and a very few hours were fufficient to give 
them a complete knowledge of what was required of them. It 
was for this reafon he was induced to facrifice fomething of the 
iimplicity of the mechanifm to fimplicity in the execution. 
When thofe employed are nbt well lkilled in the ufe of the 
machine, it is important not to load their memory or their con- 
ception with too many details, and it is probably to this as 
much as to rapidity of execution that the chief merit of this 
telegraph is owing. 

Thcobfervatory. The obfervatory fhould always be placed below the tele- 
graph, and (hould enclofe the tclefcopes and machinery with 
which the telegraph is worked. It ought to be as much dark- 
ened as pofiible, and painted black withinfide, in order that 
all foreign light may be excluded, by which means the impref- 
fion of an objeCt is rendered much more diftinCt to the eye. 


who need not 
be men of 
feience. 


Children 

employed. 


Methods of uftng the Telegraph by Night . 

Methods of For the purpofe of rendering the telegraph ufeful in the 

efing the tele, night, the following plans are adopted. 

^aph by night. j n 
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In the firft it is propofed to place a lamp behind each (hut- Firft plan, 
ter at fuch a diftance as not to obftruCt the movements, and 
rather above the axis. In this method, by doling the Ihutters 
according to the plan indicated above, the lamps correfpond- 
ing to the Ihutters which are railed will difappear, and thofe 
which remain vifible will form a lignal the reverfe of that in- 
tended, the value of which will be found on the right fide of 
the table of cyphers defcribed before; hence the day fignal 
will be before the fignification, and the night fignal after it. 

But as this plan was found to be inconvenient in practice, or at 
great diftances the following was fubftituted for it, a , b, c, d f Second plan. 
(Fig. 3.) is a tin lanthorn having only two openings e, to 
permit the palTage of the light ; placed on oppofite fides, and co- 
vered with talc or mufcovy glafs. Between thefe two openings 
a good lamp is lituated fo as to give light in both directions. 
g,f> h is a quadrant of tin adapted to each fide of the lanthorn, 
and moveable on its axis h, in fuch a manner, that by means 
of a firing attached to the arm i, it may be raifed before the 
openings of the lanthorn, but falls again by its own weight 
when the firing is let go. Ten of thefe lamps are to be fixed 
on a frame in a fimilar manner to the ten Ihutters ufed by day, 
the firings depending from each are united at the foot of the 
machine, according to the lame principles and the fame com- 
binations as in the day telegraph ; but as the weight and fric- 
tion to be overcome is much lefs, this machine may be worked 
at all times with the hands alone. One advantage which this 
efiablilliment poflefles over the day telegraph is, that it does 
not Require to be placed above the horizon, it is even better 
to be below it. Befides, in every point of view it is more 
eafily worked and is much fuperior in utility to the telegraph. 

It is known that the ftars may be feen in the middle of the probable vifibi- 
day from the bottom of a deep well ; it remains to be proved, lam * # 

if, by a fimilar eflfeCt the lamps can be feen in the day-time 
with the afiifiange of very long tubes : Ihould this be practica- 
ble it will be highly advantageous in many refpeCts, particu- 
larly in requiring only one eftablilhment for both purpofes. 

By means of the equatorial telefcopes of Short or Ramfden, 
the ftars may be obferved at noon even dole to the fun, hence 
it is probable that if all foreign light is excluded, the lamps 
will be vifible on a dark ground. Telefcopes which magnify 
the moft will be preferable, becaufe they darken the field of 

view 
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Ufefulnefs of 
telegraphs, 


to governments. 


to fclence. 


view more than thofe of fmaller power, without diminilhtng 
the impreffion of the light on the eye in any confiderable de- 
gree. 

Opinions are divided on the utility of telegraphs, and fome 
of their opponents found their arguments on the alterations 
to which the tranfparency of the air is liable, and which im- 
pede their ufe. But the art of feeing through fogs and dark- 
nefs will perhaps never be difcovered. It will fcarccly be 
contended that navigation is a ufelefs fcience, becaufe winds 
and tempefts fometimes impede it. Others confider the ex- 
pence of telegraphs as too great in proportion to their utility. 

But independent of the advantages anting to every govern- 
ment, in being enabled to tranfmit its orders to the extremities 
of the kingdom in lefs than a quarter of an hour, and to be 
no lefs expeditioufly informed of what is palling on the fron- 
tiers, it is in time of war, when events occur on the know- 
ledge of which the fafety of thoufands may depend, and which 
require precautions as prompt as vigorous ; it is in fuch a pe- 
riod that the value of telegraphs is incalculable, and their colt 
bears no comparifon with their utility, particularly if the ex- 
pence of couriers faved by their means is taken into the ac- 
count. It may be added, that the ufe Of thefe machines in 
France during the late war furnilhed inconteftable proofs of 
their utility. 

There are two ways in which this machine may be ufeful ; 
the firfi, when a quick communication between the two places 
is required ; and the fecond, .when this communication is not 
pra&icable in any other way. The port goes from Sweden to 
Finland in five days, but if the diftance was divided into tele- 
graphic llations, intelligence might be conveyed in three or 
four minutes. Should the poll be retarded or interrupted either 
by the obfiacles of the fcafon, by the infecurity of the lakes, 
or by contrary winds or tern pells, the communication may be 
kept up with the cullomary expedition of the poll, by form- 
ing llations in thofe places where the principal obfiru&ions are 
met with, fuch for example as the fea of Aland ; or with the 
greatert rapidity, by placing them along the whole road. 

From every appearance it is expelled that natural philofo- 
phy will acquire many important benefits from thefe efiablilh- 
ments. Every telegraph is a real obfervatory, which, with 
the afiinance of fome infirument^ and the requifite information 
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in thofe who govern it, might enrich the fcience with new 
difcoveries. An acquaintance with the effe6ts of the re- 
frd&ion of the air might be difleminated by daily experiments ; 
meteorology, which is the leaft cultivated, and perhaps the 
molt difficult branch of natural philofophy, might be ftored 
with difcoveries on the influence of heat and cold, humidity, 
florins, changes of weather, fogs, fnow and rain, as well as 
that produced by feveral other meteors on the tranfparcncy 
of the air ; a daily comparifon of the indications given by 
the barometer, the hygrometer, the anemometer, and the 
ele£lrometer, with thofe of the diaphanometer of M. de Sauf- 
fure *, and of the cyanometer f, might, in time, lead to very 
unexpefled refults. 

At the conclufion of the work, the chevalier notices the EnglHh tele- 
telegraph eredled on our admiralty, which appears to have 8 ra P h * 
been an invention fubfequent to his, and to be lefs complete. 

His telegraphs were eftablifhed in Sweden in 1794, ours was 
not eredted until 1796, and the number of its fignals does 
not exceed 64, unlefs thofe are reckoned which depend on 
the order in which the fhutters are fhown, and which are 
liable to great ambiguity. 


IX. 


Additional Observations on the Probability that the Eruptions of 
Lunar Volcanos may fometimes reach the Earth . By a Cor- 
rcjpondcut . 

To Mr. NICHOLSON. 


S I R, 


SoME time ago, I add rc fled a letter to you, Qn the pro- 
bability that the eruptions of lunar volcanos may fometimes reach 
the earth; which was infer ed in your Journal for December 
lafl. I will now beg leave to trouble you with a few additional 
obfervations on the hypothetic, I there ventured to advance. 


* EJfay fur VHygrometrie y §371. 

•+ See a defeription of this inftrument in obfervations fur la 
pbifique et fur THiftorie NaturelJe, par Rofier, 1791, mars, p. 199. 

In 
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More particular j n Fig. 4, Plate X. fuppofing E and M to be the centers 

^“probability' ^Tth and moon 5 P Q K to be a path which a body mull 

of projeftiles defcribe, fo as to be equally attracted by both ; it will appear 

earth^thc ev ^ ent a ver y ea fy calculation, that, P Q K is a circle 

moon. whofe radius C P is equal to about 24§ femidiamcters of the 

moon, and the diftance of whofe center C, from the center 
of the moon, is equal 2-J* femidiamelers (nearly). If there- 
fore, the lunar volcanos in any part of the hemifphere of that 
planet, which is vifible to us, fliould project bodies with a 
force fufficient to carry them through 24 of her femidiameters ; 
i. e. with a velocity of about * 7000 feet in a fecond, they 
mull neceflarily throw them within the fphere of the earth's at- 
tra£tion. It may be faid, however, that the atmofphere of 
the moon, although rarer and of lefs altitude than that of the 
earth, may yet be confiderable enough to afford fomerefiftance 
to the motion of bodies ; allowing, therefore, (the utmoft 
that can be allowed) that a body projected from a lunar 
volcano, has a refinance equivalent to that of two miles of an 
atmofphere of equal denfity with ours, and fuppofing the 
velocity of projection to be 12000 feet per fecond, and the 
body to be a fphere whofe diameter is one foot, and fpecific 
gravity 10,000 times that of the atmofphere ; it would lofe 
in its paffage lefs than of its firrt velocity, and would ftili 
retain more than fufficient force to carry it within the fphere 
Terreftrial vol- G f earth's attraction. That the volcanos of the earth 
tiuce S the°Te-° throw out heavy bodies with a force at leaft equal to this, 
quifite velocity, feems eafily proved ; for a body fuch as we have fuppofed, 
if projected upwards with the above-mentioned velocity, 
would rife to the height of about nine miles from the earth's 
furface, in a medium of equal refinance w ith our atmofphere. 
Jt may be obje&ed, that the atmofphere becomes confiderably 
rarer at that height, fo as to render the calculation of the 
efte£t of refinance greater than it would be in reality ; this, 
however, may be more than counterbalanced by the effedt of 
the elafticity of the atmofphere, and of the vacuum produced 
by bodies moving with fuch very great velocity. That volcanos 
frequently during an eruption, throw up heavy bodies to the 
height of eight or nine miles, will, I believe, be acknow- 


* It was by miftake that I ftated in my laft letter, the velocity 
neceflary at 12,000 feet per fecond. 

ledged. 
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iedged. I will now conclude with an attempt to anfwer your 
obje&ion, from the bodies being in a Hate of ignition when 
they fall to the earth. As the fpace between the earth and 
moon muft be either nearly, or altogether a vacuum, it muft 
be almoft, if not quite, a non-condu&or of heat ; fo that it 
may eafily be conceived, that a body paffing through it, may 
retain during its pafiage of about four or five days, nearly 
the fame degree of heat with which it fet out, efpecially as no 
change of texture takes place, by which its heat can become 
latent. 

I remain, 

Your’s, &c. 

Cambridge, May, 1803. J. B. 

P. S. Tor the principles of the eftimations, which I have 
made of the refiftance of the atmofphere. See Atwood on 
Rectilinear Motion, fed. 5 th. 


X. 


Defcription of an Ancient Lock of Combination . W. N. 

The lock delineated in Plate IX. is fixed in the lid of an Secret lock of 
old brafs money boxfor^the pocket ; from which Mr. Lathamof a ^° ,d 
King Street, Soho, who deals in articles of curiofity, permitted 
me to make a drawing. 

Fig. 1. is a perfpedive view of the box, which meafu res Defcription and 
about three inches in diameter. Fig. 2. thews the outfide of drawin $* 
the lid, at one edge of which is a hinge, and upon the outfide 
are figures of tiie fun, the moon, and two clock faces with 
hands. The figure of the moon can be Aided nearer or farther 
from the center, and carries a bolt placed within the lid. The 
other three parts, namely, the fun and the hands of the clock, 
can be moved round their center pieces, and left in any 
fituation at pleafure. Fig. 3. thews the infideof the lid. The 
bolt which is moveable along by means of the figure of the 
moon, is here feen with three tails, pointing to three 
circular pieces, in each of which pieces there is a notch to re- 
ceive its correfpondent tail. Thefe pieces move round by 
means of the three parts on the other fide, and it will thence be 
eafily underftood that the bolt cannot be Aided back, nor the 

box 
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box opened, unlefs one particular point of the fun, and each 
of the hands be duly placed from a knowledge of the fecret. 
And as there are twelve points to the fun, and twelve marks 
for the hours on each dial, we may (without confidering the 
probability of intermediate politicos) reckons the chances 
as eleven to one, againft felting the fun to the proper pofition; 
and eleven times Hill more againft fetting the fun and face of 
The fecret of ^ dials r j at t j ]e f ame t ; me an( j a g a j n eleven times more 
cKt'caei 33 itoi. agamlt all tliefe being duly let at once. That is to lay, the 
f chances are 1 1 times II = 121, taken 1 1 times or = 1331. 

And consequently the lock is very fecure. * 

As I hope foon to give a Ihort eflay on locks, I (hall only 
make a few remarks on the prefent machine. In the full 
Cardan's lock. pj ace# ft may b e noticed that this, like the lock of Cardan *, 
which confifts of four or more rollers, is a fecret lock, and 
not a lock of combination ; this laft term being ufually applied 
Secret locks and to locks in which a fecret can be changed through a great 
number of varieties, at the pleafure of the owner. And, 
fecondly, that it has a practical defeCt very common to all 
fecret locks; namely, that a Ikilful examiner may difeovor 
the fecret, if the workinantliip be in the fmalleft degree in- 
accurate. In this manner I opened the prefent lock, at the 
very firft trial. If the three notched pieces be not truly 
circular, and the motion of the bolt extremely precife, and 
the lengths of the tails accurately adj ufted, one of thefe tails 
will bear before the other. I therefore prefted the bolt back, 
by urging the figure of the moon towards that of the fun, and 
then turned the three pieces round one after the other. Two 
of them moved freely round, and the third gave notice when 
the bolt fell in, and confequently told its fecret. Of the re- 
maining two pieces, one moved freely, and the other hung 
and (hewed its pofition. And laftly, the third then required 
only to be moved till the bolt took its notch, and went quite 
back. 

This lock could be eafily made fafe, by adding ihort teeth 
to the infide pieces all round, and making the tails of the 
bolt terminate in fmall projections adapted to take between 
thofe teeth. By this contrivance, the tentative procefs of 
turning the pieces would be rendered impracticable. 

* The fecret padlock of four rollers is fold at our ironmongers. 
J bought one at Downer's in Fleet Street, for fixteen pence. 


KICKS oi com* 

lunation. 


The prefent 
lock was eafily 
opened. 


But it may be 
made fafe by a 
very flight 
fhange. 


It 
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It wcglld alfo be cafy to make it into a true lock of com- And alfo ex- 
bination; by making each of the circular pieces to confift of combmationi* 
two equal pieces, locking into each other by contrate teeth, 
and fere wed together by a nut. And if one of thefe pieces 
were permanently fixed to the axis, and the other were to 
carry the edge-teeth, and notch, as mentioned in the lad 
paragraph, the lock would not only be fecure from opening 
by the method I ufed ; but it would alfo be in the choice of 
the pofleflor to vary the fecret of the pofitions by unferewing 
the nut, and changing the application of the contrate teeth, 
after which he would fecure them together as before. 


XI. 


Analyfxs of a Pulmonary Calculus, by Philip Crampton, 

M. D. Member of the [loyal College of Surgeons in Ireland . 

Communicated by the Honourable George Knox. 

F. R . S. M. IL L A . t;c * 

Q 

li'OME apology feems noccffiiry for offering the analyfis of a DifBcuIry of ob- 
fingle pulmonary concretion, but tlic difficulty of procuring tain, ng pulmo- 
thofe fubdances, and the importance of every fact, however n * ry concrct,ons * 
infulated, which relates to the changes that take place in the 
bodies of living animals mud plead myexcufe. 

I have no where been able to find a detailed analyfis of They have not 
pulmonary calculi ; Mr. Fourcroy mentions them in a general been examined, 
way, as being fimilar to lachrymal, pineal and falivary con- 
cretions, all of which lie lays are compofed, as might be ex- 
pected u-prinri , of phofphate of lime (either from a luper- 
abundance of that fubftancc in the fluids of furfaces, or in the 
blood) 

But as the calculus in queftion neither agrees with any of 
thofe in its external characters, nor in its chemical competi- 
tion, without in the lead calling in quedion the accuracy of 
Mr. Fourcroy, I (hall briefly date the rcfult of my own ex- 
amination of it. 

The calculus which is the fubjeCt of this paper, was taken Defcription an* 

from the lungs of a cleceafed foldier, in the year 1796, and hirtor y° fa 

pulmonary cal- 
culus. 


* Read before the Royal Society in Auguft 1802. 
2 


was 
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It was c:\rbonatc 
of lime. 


The analyfis. 


Other calculi 
refered to. 


was depofited in the mafeum of the Royal College ofSnrgebns 
in Ireland, It was irregularly fpheroidal and meafured about 
6 \ inches in circumference. It appeared to be formed of (hort 
thick branches, proceeding from a folid center ; its fradure 
was laminated, of a pure white colour, fmall communicating 
canals appeared to interfe£t its fubftance in every dire£tion *. 
The faw cuts it with difficulty j 10 grains afforded an 
analyfis. 

frs. 

3.7 carbonic acid. 

4.5 lime. 

1.8 albumen and water. . 

10 . 0 . 

I (hall not trefpafs on your time by detailing the procefs of 
fo fimple an analyfis, fuffice it to fay, that it diffolved with 
effervefcence in the fulphuric, nitric, muriatic, and acetic 
acids, leaving fome'floculi of coagulated animal matter (pro- 
bably albumen) floating in the liquor of folution, the gas 
which was extricated precipitated lime from lime water, and 
the quantity of carbonic acid was afeertained, by adding a 
known quantity of muriatic acid to a certain quantity of the 
calculus, and taking the lofs after effervefcence for the weight 
of the carbonic acid which was extricated. A portion of the 
calculus expofed to a low heat affumed a blackifh hue, but 
when fubjedled to a white heat for 20 minutes, it became of 
a brilliant white colour. The refidium was found to confift 
of pure lime. Morgani Epift. 17 to 19 upon the fubjeft of 
pulmonary calculi, fays, that he has feen many of thefe fub- 
ftances coughed up, that they were light and porous like 
pumice ftone, and varied from the flze of a millet-feed, to 
that of a pea ; but he once faw a calculus which had been taken 
from the lungs of a perfon who had died of Thifis Pul- 
monalis, which weighed 20 grains, was “ hard and heavy 
like marble” Dodenius faw a pulmonary calculus taken after 
death from the lungs of a nobleman, which affedted the fhape 
of the bronchiae, having fliort thick branches proceeding, 
from it, and canals which interfered it in every direction. 
Morton faw fmooth cretaceous flones taken from the lungs, 
Morgani Epift. XV. 23. 

# Apparently formed by the depofition of calculous matter upfcn 
the bronchial veflels. 
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It would appear thence that there are at lead two kinds of Probability that 
pulmonary concretions : thofe which Morgani obferved to 
thrown up by coughing, anfwer the defcription of the the carbonate 
calculi, examined by M. Fourcroy, and thofe it has been ? hof P hatt 
dated were compofed of phofphat of lime, while the con- 
cretions which were hard and heavy like marble,, it is pro- 
bable agree in their chemical com pofi tion, as well as in their 
external characters with the calculus, which is the fubjeCt of 
this paper ; this it has been proved was compofed of carbonate 
of lime. A queftion then naturally arifes, as to the forma- 
tion of carbonate of lime in the lungs. Was it depofited as 
fuch from the blood or formed in the Bronchi* by the chemical 
combination of its principles ? We have certainly nortiitherto 
been able to deteCt carbonate of lime in the blood, and we 
have no reafon to fuppofe that the phofphat of lime which 
exifts in it, can be decompofed by the carbonic acid which 
is formed in the lungs, to avoid thefe alternatives, the chemical 
phyfiologift might be inclined to look to an external caufe for 
the formation of this extraordinary fubftance, and with this 
view, he would enquire into the previous occupation of the 
perfon from whofe lungs it had been taken ; but he would be 
checked in his enquiries by the recolle&ion that the fame 
chemical affinities which can form carbonate of lime in the 
teeth and bones, may by an accdental coincidence depofit 
it in the lungs. ~ 


XII. 


Of the State of Vapour fub fifing in the Atmofphere . By Richard 
Kirwan, Esq. LLD. F.R. S. and P, R. I. A *. 

Vapour or moifture in the atmofphere may fubfift in denfe The fubfiftence 
air, or in air highly rarified : that it is found in the former is denfe^nd In 
well known, and that it may fubfift in the latter appears by the high 4 y rairfisd 
obfervations of Bouguer, for he faw clouds three or four hun- a,r * 
dred toifes above Chimboracho, and coniequent'y at the 
height of twenty-two thoufand five hundred and twenty-eight 
Englifb feet, or 4,3 miles over the level of the fea ; a height 


Trom his eflay on the variations of the atmofphere ; In 
Iriih tranfaftions, Vol. viii. 


the 

at 
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Latent Heat of 
ftcum. 


left the 
g e.itt*r its 
temperature* 


at which in the temperature of 32® a barometer would ftand 
at 12,7 inches. At fuch heights, and at much inferior, fine* 
evaporation proceeds much more quickly, it is not to be fup- 
pofed that all the vapour fo rapidly produced is diffolved in the 
ambient air, but part rifes uncombined as it does under an ex- 
haufted or half exhaufted receiver, and in this cafe Mr. De 
Luc’s fyflem is admiffible. This emiffion of pure vapour feems 
to begin at heights at which the denfity of the air is 25 (that 
is at heights at which the barometer would fland at twenty-five 
inches, and thus I (hall in future exprefs the various denfities 
of air,) at leaft it is very confiderable where the denfity is 
twenty, as already feen, p. 309. This leads me to treat of 
the properties and ftate of pure invifible vapour, namely, its 
fpecific heat, elafticity, and fpccific gravity. 

The immortal Doftor Black, the father of all difeoveries of 
this kind, informed me that the vapour of water, boiling at 
212°, that is at ISO* above the freezing point, and poffeffing 
the fame fenfible heat as the water, contains nine hundred and 
forty times more latent heat than an equal weight of water 
does heated to 212°, or 5,222 times more latent heat than it 
does of fenfible heat, counting from the freezing point, for 
ISO x 5,222 = 940 nearly. In this cafe the preffure or den- 
fity of the atmofphere is thirty, the barometer (landing at the 
height of thirty inches; and with Doflor Black’s account the 
experiments of Mr. Schmidt of GiefTen very nearly agree, 
for according to him the latent heat of the vapour of water, 
barometer 29, S4 inches, and the heat 212°, is 5,33 times 
greater than its fenfible heat above the freezing point, now 
ISO x 5,33 =s 959,4*. The difference or excefs in his 
experiment proceeds from the preffure of the atmofphere being 
fomewhat lower, as Mr. Watt’s experiments prove. 

Mr. Watt difeovered that the latent heat of fleam diminifh- 
ed in proportion as its fenfible heat increafed, Phil. Tranf. 
1784, p. 335. Now the fenfible heat of fleam exceeds 180° 
above the freezing point when the barometer flands above 
thirty inches, and is lefs than 180° when the barometer flands 
lower than thirty inches, as Mr. De Luc firfl discovered, and 
may be feen in Sir George Shuckburgh’s, and Mr. De Luc's 
tables, Phil, Tranf. 1779. p. 375. From thefe I have deduced 
the follow' ing (able: 

* 4 Gren’s Phys. Journal, p. 315, 


Heat 
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Heat of 
‘ boiling 
water* 

Bar* 

Heat. 

30 

212°, 

29 

210,23 

23 

208,52 

27 

£06, 73 

26 

204,91 

25 

203,06 

24. 

201,18 

23 

199,27 

22 

197,33 

21 

195,36 

20 

193,36 

19 

191,06 

18 

188,46 

17 

185,56 

46 

184,36 

15 

180,86 

14 

176,70 


fiOSf 

The accuracy of this table even in the lower Table of the 

part of the fcale is fufficiently apparent by the re- 

full of the experiments of Sauflureon ebullition on different nations 
_ t of the barometer# 

Mount Blanc ; for on that enormous mountain, the fom 30 , nc h ei 

barometer (landing at Id french inches or 17,05 to *4 in *h el * 
Englifh, he found water to boil at the heat of 
68°,993 of Reaumur, a degree which on Geneva 
thermometers is equal to 1 8 5° ,56 Englith. Hence 
we fee that diftillation may be more advantageouf- 
ly effected on mountains than on plains, and at low 
barometrical heights than at the greater, yet with* 
in certain limits; for at heights that furpafs eight 
or ten thoufand feet, the fuel, by reafon of the ra- 
rity of the air, is more (lowly confumed. Hence 
alfofrom the knowledge of the degree of the heat 
of ebullition to two or more decimal places, the 
ftate of the barometer above or below 212° may 
infer to one or more decimal places.*— The rea- 


lion below 25 inches is evidently the diminution of refiftance, 
from the dim inidied weight of the atmofphiire, which then is 
very (enfible ; but as the cold continually pioduced by e\apo- 
ration is then alfo very confiderable, the time neceflary to pro- 
cure ebullition is longer as San (lure remarked on Mount B’anc. 
vol. vii. ui 8 vo. § 201 1, p. 328. He found the heat of ebul- 
lition barometer lb to be 68°,993 degrees, or in Englifh mea- 
fures barometer 17,05. 185°, 5 of Fahr. (counting one of 
Reaumur at Geneva = 2,225 of Fahr.) 

Hence fince, according to Mr. Watt, the fenfible heats of Hence the fpc- 
the vapours of boiling water at different baiometrical heights 
aie as the barometrical heights reciprocally, and the Ipecific enr tempera- 
heats of the vapours of water boiling are as the fenfible heats tupe, • 
reciprocally, it being known, that the fpecific heat of the va- 
pour of water heated to 180 degrees above the freezing point 
is 910. The fpccific or latent heat of the valour of boiling 
water, whofe fenfible heat is known, (and it may be known by 
thre barometrical height as (hewn in the above table and the 
notes) may alfo be di (covered. 

Thus the fenfible heat of the vapour of boiling water ba-Inftance, 
rometer 30 being 180° above the freezing point (212° — $2 Q 
= 180°) «and the fpecific or latent heat of vapour, whofe fen- 

Vol, V.— July, P fible 
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iible heat is 208°,56 (that is 176,56 above 32°) as it is when 
the barometer Hands at 28 inches, is 958 for -if- 176,56, 180 
: : 940.958 *. 

TTneomMned As pure invifible vapour does not in my opinion (of which I 
«d cx?ft Cf ' ^ aVe a * reac ty ft ate d the grounds) exift in the atmofphere when 
its denfity is higher than 25, as it is in meli of the inhabited 
parts of the globe, but is always in this cafe united to air, an 
enquiry into its latent heat at different temperatures below ebul* 
lition were fuperfluous. But as it does exift in air whofe denfity 
is 25 or lefs, fince it is found in air whofe denfity is 12,5, it 
becomes neccflhry to examine its latent heat in fuch cafes, in 
all temperatures inferior to that of ebullition.. Now, by ana* 
logy, I apprehend, this latent heat in all inferior temperatures 
may thus be determined : 

Determination of As the Jbnfible heat of ebullition, when the barometer is at 25 
purc^apour.^ or ^ >e ^ ow * s to blent heat of the vapour at ebullition, fo is 
the Jctifiblc he^t of water heated to any inferior degree above 
32° to the latent heat of* its vapour, multiplied by 5,222. Thus 
the fcnfibie heat of water in ebullition barometer 25 being 

17 1°,4 (= 203°, 4— 32°) its fpecificheat is 987 (- l 69206 ) 

V 171,4/ 

the latent heat of the vapour of water at 22° above congela- 
tion (that is 52 on Fahr. fcale) is 657 for ~ 171°,4. 987 : : 
22°. 126 x 5,22 = 65 7. The latent heat of vapour in fuch 
cafes cannot be determined by experiment on account of the 
admixture of atmofpheric air, we muft therefore refort to ana- 
logy, which in this cafe is perfedt. 

The latent heat of pure vapour at greater heights is more 
confiderable : thus at heights, -at which the barometer Hands at 
20 inches, the latent heat of vapour whofe temperature is 22° 
above 32°, as in the laft cafe, is 7 SO ; for the heat of ebulli- 
tion is 194°, 8, per table, = 162°,8 above 32°; and the latent 
heat of the vapour at ebullition is 1039. Now ~ 162,8. 
1039 : : 2°. 140 and 140 x 5,22 =730. 

As air is cooled by the reception of moifture diflfolved in it, 
we muft infer that its capacity for containing heat is increafed, 
and hence moifb air is more difficultly heated or cooled than dry 
air of the fame temperature. (For the cold proceeds from the 
abforption and not from Iheexpullion of caloric.) 

* Hence 169206, being the produft of 180® x940, is the com* 
mon dividend of all fenfible heats below 180° . when thelatent heat 
of the Vapour is fought at barometrical heights below 30 Inches. 

* The 
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The elafticity or expanlive force of pure vapour has been Elafticity of 
examined at every fifth degree of Reaumur above 0 to 110°. J££turc* ^ 
by Mr. Betancourt, and may be feen in an excellent work of freezing. 
Prony's, his Architecture Hydradique , he has by a moft ingeni- 
ous calculation interpolated the expanfions anfwering to the in- 
termediate degrees. But Mr. Schmidt feems to have deter- 
mined this expatifive force (till more exactly than Betancourt. 

Hence 1 here infert his table, adding Farenheit's for Reaumur's 
degrees, and diftinguiihing the expanfions interpolated by cal- 
culation from thofe a&ually obferved by /. The forces are mea- 
fured by the elevation of a mercurial column in inches and 
hundreds of a French inch *. 


Reau- 

mur. 

Farenheit. 

Expanlive 

Force. 

1 

34°,25 

,01 / 

2 

36,5 

,03/ 

3 

38,75 

,05/ 

4 

41, 

,07/ 

5 

43,25 

,H 

6 

45,5 

,15 

7 

47,75 

,16/ 

8 

50, 

,20/ 

9 

52,25 

,25 / 

10 

54,5 

,23 

11 

56,75 

,34/ 

12 

59, 

j38 

13 

61,25 

,44 

14 

63,5 

,50/ 

15 

65,75 

,55 

16 

68, 

,61 

17 

70,25 

,69/ 

18 

72.5 

,76 

19 

74,75 

i ,84/ 

20 

77, 

,90 


Reau- 

mur. 

Farenheit* 

Expanlive 

Force. 

21 

7 9°, 25 

1,01/ 

22 

81 ,5 

1,01 

23 

33,75 

1,19/ 

24 

86, 

1,29/ 

25 

88,25 

1,30 

26 

90,5 

1,38/ 

27 ! 

92,75 

1,42 

28 

95, 

1,60/ 

29 

97,25 

1,80/ 

30 

99,5 

1.93 

31 

101,75 

1,02/ 

32 

10 h 

1,12/ 

33 

106,25 

2,23 

34 

103,5 

2,40/ 

35 

1 IQ, 75 

2.68 

36 

113, 

2,80 / 

37 

115,25 

3,20 

33 

117,5 


39 

119,75 

3,40 

40 

122, 

3,64 

80 

212, 

28, 


* The Paris cubic inch rr 1,21 English. Now the Engli/h cubic 
inch of mercury when its fpecific gravity is 13,6 weights 3443,52 
lEnglilh grains, therefore the Paris inch weighs 4186 Englifli grains, 
and of this inch ~ 418,6grs : and T of this inch 41,86 grains. 
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Note . — lft* Moft of the interpolations from the 88th degree 
to the 122nd I have myfelf inferted as thofe calculated by 
Schmidt erred too widely by his own account. 4Gren. Phyf. 
Journ. 273. 

2d. Mr. Pi&et has alfo made a fet of curious experiments 
on the elafticity of pure vapour in low temperature. EJJai&de 
Phyfique, p. 157. He found that a grain of warm water in 
vacuo evaporates in forty minutes in the temperature of 38° 
Fahr. under a receiver containing 1452 Engliih cubic inches,* 
but that it did not diffufe itfelf equally in lefs than fix hours, 
and then raifed the hygrometer from 17® to 60° that is 43°, 
and during this whole time the cold under the receiver was 
conftantly decreafing, though flowfy, which decreale un- 
doubtedly contributed to the difFuhon of the vapour. 

Mr. Schmidt has alfo made a feries of experiments upon the 
dilatibility of air, made as dry as poffibleby expofure to hot tar- 
tarin, an objedt of great importance, that had never before been 
examined. This tabic I here infert, converting Reaumur's 
degrees into thofe of Fahr. and adding from his formula the 
degrees he omitted. 

Expanfions of dry Air . 

f - • — - 

Table of expan- I 

fions of dr) air. Reau- Fahr. Expansion of Reau- Fahr. Expanfions of one 

rour. one Inch at 3 a | mur. Inch at 3 a 0 • 

1 34°, 25 ,004467 79°,25 ,0938175 

36*, 5 ,008935 81,5 ,0.9S2S50 

38.75 ,0134025 83,75 ,1027525 

4 41, ,0178700 24 86, ,1072200 

43.25 ,0223375 88,25 ,11116875 

45.5 ,0268050 90,5 , 1116155 

47.75 ,0312726 ^ 92,75 ,1206225 

8 50, ,0357 10 23 95, ,1250909 

52.25 ,0102075 97,25 ,1295557 

54.5 ,0146750 99,5 ,1340250 

56.75 ,0491425 101,75 ,1384925 

12 59, ,0536100 32 104, ,1429600 

61.25 ,0580775 106,25 ,1474275 

63.5 ,0625450 108,5 ,1518950 

65.75 ,0670125 1 10,75 ,1563625 

16 68, ,0714800 3 6 113, ,1608300 

70.25 ,0759475 115,25 ,1652975 

72.5 ,0804150. 117,5 ,1697650 

74.75 ,0848825 119,75 ,1742825 

20 77, ,0893500 40 122, ,1787000 

212, ,3574000 

* Ibid, page 91. 
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Note. — I. Hence we fee that 1000 inches or meafures of 
dry air at 32° would become 1001,4-675 at 34,25 Fahr. and 
at 50°. would become 1017,87. Hence 1000 meifures of 
dry air gain 1,985555, &c. by each degree of Fahr. above 32° 

(or more com pendioufly 1,9856 which is true to two decimal 
places) or nearly two. 

2. We fee the fource of the difeordant refults of D\Amon- 
toms, De Luc*, Lambert, Schuckburg, Roy, Berthollet, and 
Monge, &c. for they all operated upon air more impregnat- 
ed with various degrees of moifture; befides taking the boil- 
ing point at different barometrical heights 5 in the prefent ex- 
periments it w r as taken at 29,841 Englifh inches. 

3. it appears that the expanfions are as the differences of 
heat above 32° as D’Amonton*, Lambert, and Schuckburg alfo 
noticed, though their experiments, not being made on perfectly 
dry air, could not be very exadt. 

The dilatation of the moifture contained in air has been fe- Dilatations of ait 
parately examined by Mr. Schmidt, and he has fhewn how from Wlt ^ 

it the volume of air faturated with moifture, faturated I fay at 
every degree of Reaumur, maybe difeovered ; the refult of 
his experiments appear in the following table of the volume 
which 1000 meafures at 32° of air would acquire if faturated 
\ with mmjhire at each degree of Reaumur above 32° exprefled 
on Farenheit’s fcale *. 


Reau- 

mur 

Fahr. | 

Expanfivc 

Force. 

Reau- 

mur. 

Fahr. | 

Expanfive 

Force. 


34°, 25 

1010,56 


70,25 

1122,68 


36,5 

1010, 7S 


72,5 

1 1 32,25 


! 3S.75 

1016,45 


74,75 

1 1 1-2,53 


41, 

1022,21 

20 

77, 

1152,83 

5 

43,25 

1028,58 


79,25 

1164,02 


45,5 

1034,97 


81,5 

1175,23 


47,75 ; 

1040,41 


83,75 

1186,52 

8 

50, 

1048,52 

24 

86, 

1 198,59 


52,25 

1056,26 

25 

88,25 

121 1,44 

10 

54,5 

1064,72 


90,5 

1223,65 


56,75 

1071,28 


92,75 

1279,62 

12 

59, * 

JO 78,52 

28 

95, 

1377,09 


61,25 

1087,11 


97,25 

1494,02 


63,5 

1095,76 

30 

99,5 

1610,02 

15 • 

65,75 

1 104,46 


101,75 

1725,49 

16 

t 68, 

1113,21 

32 

104, 

1849,96 


1 

1 

33 

106,25 

1983,42 


To prevent roiitakes, it xnuft be noted that this table is not 

meant 
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Remarks* 

Air fatu rated 
with moifture 
expands more , 
than dry air. 


Men ft air more 
fuffoeating than 
*y. 


Gen. Roy’s 
experiments. 


Irregularity of 
the expansions 
of moift air. 
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Note.— I . Hence we fee that air faturated with moifture 
at high heats is roach more expanded than dry air of the fame 
temperature, as De Luc and General Roy have alfoobferved. 
but in temperatures below 36°, 5 dry air is more dilatable 
which probably induced Sauffure to conclude it was fo at 
higher temperatures. At 54,5 the difference is very percept 
tible for 1000 parts dry air at 32* are expanded at 54 Q ,5 that 
is by 22°, 5 above the freezing point to 1044,67, whereas 
1000 parts of air faturated with moifture, are extended to 
1064,72 and in higher heats, the differences of expanfion are 
incomparably greater. 

2. Hence it is plain why moift air, fuch as that of the Weft 
Indies is much more fuffocating than dry air of the fame tem- 
perature. For 1000 cubic inches of air faturated with moif- 
# ture at 86 Q of Fahr. contain nearly 76 inches of moifture 

which is ufelefs to refpiration. 

3. Thefe experiments agree with thofe of general Roy, in 
which fteam was introduced at hazard, for the general found 
that from 32° to 52 Q each degree gave at a mean 2,588, and 
consequently thefe 20° would expand 1000 inches to 1051,76, 
and by Schmidt’s experiments much more accurately made, 
we have 1050,33. 

4. Schmidt alfo obferved a peculiarity in the expanfion of 
moift air, previoufly noticed by Roy, for Schmidt found that 
the expanfibility of air, faturated with moifture, was fmaller 
than the expanfibility of pure vapour, until the 167th degree 
of Fahr. but in higher degrees they conftanlly approached 
nearer to each other. And the general obferved that the mean 
rate of expanfion, which from 152° to 172° of Fahr. was 12 
for each degree, did from the 172° to the 192° increafe to 
17,88 for each degree, and increafed ftill more after the 19S?d 
to the boiling point. The fiuggiflinefs of expanfion of air, 
faturated with moifture at about 32°, was alfo noticed by the 
general, and he hence concludes the mean rate of expanfion 
from 0 to 32° of Fahr. to be 2,27 for each degree, which is 
fmaller than that of drier air. 

meant to exprefs the dilatations of air faturated at any particular 
degree of heat it would acquire at other fuperior degrees,* but only 
the bulk that 1000 parts dry air at 32° would acquire by faturation 
at each higher degree. 


. Thefe 
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Thefe variations of the rates of expanfibility of moift air, afcrlbed to dif- 
feturated at different temperatures, Schmidt very juftly attri- ^[y^^fferent 
botes to the variation of the degrees of affinity or adherence temperature!, 
of air and vapour to each other at different temperatures. At 
32* Fahr. it is very ftrong, and alfo hefow that degree ; and 
hence the ftrong folvent power of air, colder than the water 
it alls upon, remarked by Richman $ but if both are equally 
cold very little moiflure will be taken up by the air, as already 
mentioned; and hence I have faid that air diffolves vapour 
when this is in a nafeent (late. But in heats above 167° or 
170° air and vapour arc difpofed to feparate. 

5. Hence we may deduce the impoffibility of difeoveringa Hence there 
coefficient univerfally applicable to exprefs the rate of expan- ^ ! ^ K d ^ ter “' 
(ion of air in every (late of moiflure, (as Tremley has well cimt tr> exprefs 
noticed. See 2 Sauffure voy. aux AJpes 4to). This muff tllat rate * 
vary with the mean (late of hygrometers above and below the 
heights to be meafured ; and experiments of this kind have 
not yet been made. De Luc's coefficient anfwers tolerably 
well for very dry air, that is wbofe faturability is greateft, Sir 
George Schuckburg's for air much moifter, and general Roy's 
for air dill more moift, that is whofe faturability is fmalleft. 

Hence each fucceeds in certain cafes, and fails in others. The 
dilatation or contraction, which air faturated with moiflure at 
any one given degree of temperature receives without the ad- 
dition of any more moiflure, at any higher or lower degree of 
temperature, has not as yet been difeovered; for Schmidt, 
who alone has attempted it, is juftly diffident of the correCl- 
nefs of the table he has given of it, and in faCt it is not 
grounded on the indication of any known hygrometer, and 
improperly fuppofes the L. degree to indicate the mean be- 
twixt the lowed and faturation. Whereas the LXVlh degree 
on Sauffure's indicates that mean; and XCV1IL and not C. 
indicates faturation. 

According to Mr. Watt (as dated by De Luc, S Meteoro- Specific gravities 
log : p. 145) the fpeciftc gravity of pure vapour is to that of of vapour and 
air as 4 to 9. I fuppofe he compares it with air at the ufual 
denfity of 30 or 29, and at fome particular temperature which 
is not mentioned ; for at high temperatures the difference mull 
be-much greater, as appears by the foregoing tables. 


(To be concluded in our next.) 
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KOTICJES CONCERNING PHILOSOPHICAL APPARATUS. 


XIII. 

Notices concerning Jbme Philofophical Apparatus.— Electrical Bat* 
tcry qf Talc.— Complex Horfejhoe Magnet. — Mr. DavV§ 
Apparatus, Sfc f 

Jfettery at talc. SEVERAL years ago (in 1788), when I was bufied in elec* 
trical researches, I was induced to conftrudt a battery of talc, 
in confequence of the very great capacity of that fubftance 
which 1 found (conformably to the determination of Mr. Ca- 
vendifh with glafs), to be inverfely as its thicknefs. As our 
galvanic refearches now feem to give additional intereft to ap- 
paratus of great capacity and low intenfity, I have thought it 
might be acceptable to give a (ketch of it. 

Bftimate of the The full charge of two Square inches of talc gives a (hock 
cit^of^talc^It fufficient, r ^ evere to be felt above the elbows, giving a fpark 
is as the thick- of above one tenth of an inch long, and requiring the fri&ion 
nefs inverfely $ 0 f more than one foot of glafs to chargeit. I compared this 
thjtof glaft. C8 ta * c a ^ ar g e j ar of 35 1 fquare inches, and 0.082 inch 
thick, and the talc was 0.01 125 ii\ch thick. The communi- 
cation from plus to minus was made by one fingle wire, and 
Lane's electrometer was fet fo that the talc exploded regularly 
at each turn of a feven inch cylinder. The jar was then placed 
in the circuit, and exploded at twenty-one turns. Their ab- 
folute capacities were therefore as 1 to 21. But the furfaces 
are as 1 to 175, when*'® the capacities of equal furfaces^ were 
as 1 to y T f , or about 1 to 8. And the thicknefles are in- 
verfely 1 1 and 82, whence it appears that the actual capacities 
proved rather in favour of the talc, if taken from the inverted 
ratio of the thicknefs. This, however, may be only ap- 
parent, becaufe the talc was more rapidly charged, and had 
an infulated rim of only 0.4 inch, whereas the glafs had a bare 
rim of 4.0 inches. In addition to which it may be obferved, 
that the uncertainty of the refult is not quoted, than the un- 
avoidable errors from the admeafurements of the thickneffes 
and the unfteadinefs of excitation. 

Prawing and Plate XL Fig. 1 . reprefents a battery compofed of 12 pieces 
defer ipnon of a of talc, each meafuring 2.6 inches in the fide, and coated on 
£cheafjuaxe7 0 a f Qr ^ ace °f fcpwe inches. The thicknefs of each piece 
mi equivalent to was 0.0025 inch, and confequently its capacity may be taken 
fquare feet ^ 2 0 times that of thin window glafs of one-twentieth 

2 ef 
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Sit 


laf an inch thick. The whole furface was 48 fquare inches, 
which multiplied by 20, anfwers to 960 fquare inchef of glafs 
in capacity, or almoft feven fquare feet. It is necefifary that 
a card ihould be placed between each plate of talc and its 
neighbour, and hence by an eafy computation, it is found that 
the talcs and cards (of of an inch thick), requifite to an- 
fwer to 100 feet of glafs would be about 3 J inches thick. 

This inftrument for the purpofes of low intenfities would be sice of a battery 
incomparably cheaper and more manageable than glafs. In- e * uiva,e "* to 
deed a battery anfwering to twenty thoufand fquare feet would * uaf * 
be very portable, and might be put into a box of one foot 
fquare and two feet deep. But it muft be remembered that, 
the intenfity cannot be greater than to give an explofive fpark 
of one thirteenth of an inch, or lefs, and confequently that 
this apparatus is limited to experiments requiring no greater 
intenfity. 

The conftruCtion is that defcribed by Beccaria, in his arti- BcccarJa’* 
ficial electricity. Fig. 2. reprefents the arrangement of the battcry * 
plates of talc with fquare coatings of tinfoil between them. 

From each coating alternately fucceeds a tail, fo that all the 
pofitive tides unite above, and all the negative below. In 
Fig. 1. the wire c communicates with all the coatings of one 
kind, and the wire a in like manner unites all the coatings 
from the oppofite tides ; and at b is an infulated ferew wire 
forming the electrometer of Lane. The pillar fupporting the 
Xcrew c may either be of glafs or other infulating matter, or 
elfe a piece of amber, d may be placed between the battery 
and c. In my apparatus, the talcs were confined between two 
fquares of glafs, and on the outfide of thefe were two fmaller 
pieces of wood as in the figure. 

I did not make many experiments with this battery, becaufe 
the fpontaneous explofions of one plate ufually broke all the 
refi, and it was my intention to have them fomewhat thicker, 
and to have interpofed cards between plate and plate. But 
other purfuits have hitherto prevented my refuming this objeCL 

Complex Horfejhoe Magnet. 

Fig. 3. in the fame Plate XI. was given me by the late Complex horfe- 
George Adams of Fleet Street. It was wrapped in a paper on ^ naa ® ne ^ 
which the workman who made it had written the following 

lirords. 
t 


" The 



919 


NOTICES CONCERNING PHILOSOPHICAL APPARATUS 


u The oatfide bit taken off, but drops when the iniide one 
flicks, but drops when the outiide one is put on. Apply the 
magnet as directed, the ftrokes to be north to north ftrait acrofs 
the infide, very difficult to gain, but may be otherwife varied 
at pleafure.” 

has four poles When I firft had it, the middle piece would not drop off 
^nt^whkh* 1 w ^en ^ ,e outer was put on < but on the contrary, the outer 
an changed in was difengaged by application of the inner piece, and this is 
^'condadors Ca ^ e at P re ^ ent * I could not obtain any explanation of the 
obfenre writing I have copied. The fketch fhows where the 
poles were at firft and (till are placed, being four in number, 
fo that it feems to be two horfefhoe magnets joined by a fhort 
bar nearly ftrait. It barely held its own weight by the outer 
piece, and much lefs by the inner ; but now, whether by the 
courfe of time in which it has been carelefsly thrown in a 
drawer among other metallic matters for fixteen years, or whe- 
ther from any other caufe, its attraction is ftrongeft at the inner 
extremities though not fufficient to bear its weight. 

Galvanic Apparatus . 

Davy's apparatus Plate X. Fig. 2 and 3. reprefents the apparatus of Mr. Davy 
^ or ta ^ n £ galvanic fpark in the gafes *. 

Fig. 1. reprefents the apparatus for taking the fpark. A is 
a tube graduated to grain meafures. C is a platina wire her- 
metically fealed into the tube and having a piece of charcoal 
attached to its top. B is a moveable platina wire, having 
charcoal at the top ; the effeCt is pioduced by making the con- 
tad between the piece of charcoal. In cafes where the fluids 
are very imperfeCt conductors, the wires may be ufed without 
the charcoal. 

Fig. 2. reprefents the apparatus for taking the fpark in gafes, 
it is ufed over mercury. A and B are the communicating pla- 
tina wires to which the charcoal is faftened, and C is the gra- 
duated tube in which the gas is aCted upon. 

* Royal Inftitution, I* 214. 


XIV. Experiment 



tXPK&IMBN? OH CANJ&LS LIGHT* 


Experiment to determine the relative Quantities of Light afforded 
by Candles of different Dimenfiom, in a Letter from a Cor - 
rejpondent . 

To Mr. NICHOLSON. 


Though your ingenious correfpondent Mr* Ezekiel prefatory re* 
Walker, aflerts with conliderable decifion, that the light af- ™ jkeris«*. 
forded by candles, is proportioned to the quantity of material perimentaoa 
confumed, yet as he has not given the detail of his experi- light, Ac. 
ments, but feemsin fome meafure to have deduced thisrefult 
by argument, from the fuppofed nature of the fubjedt ; and 
as the quantity of light does undoubtedly follow a very dif- 
ferent ratio in candles which require fnuffing, accordingly as 
that operation is either performed or negleCted. I think it 
very defirable, that a courfe of experiments fhould be infti- 
tuted for the purpofe of affording the refults you have your- 
felf enumerated in your annotatiofi upon one of that gentle- 
man's papers. In the mean time, I prefent you with a (ingle 
experiment upon his two wax candles, which were taken by 
me in preference, becaufe they require no fnuffing. 

One of thefe candles was a taper of iixteen to the pound, Experiment with 
and meafured in length twelve inches ; the other was a JhiclTwax * 
thicker candle of fix to the pound, and nine inches long. It candle, 
is not neceflary to itate the diameters, becaufe they are not 
required in the prefent eftimate, and might if neceffary, be 
deduced with greater precifion from the weight and length, 
than from actual admeafurement ; and with regard to the 
wicks, I have only to remark, that they were well adapted to 
the candles — though it was impoflible for me to afeertain their 
weight or finenefs in the manufactured ftate. 

Thefe two candles were lighted at the fame time, and when 
they were in the (late of full and perfed combuftion, their 
lengths were refpeCtively meafured and noted down. The 
intenfities of their lights, were compared by the method of 
fhadows. The diftance between the two candles was twenty- 
four inches ; and when the fhadows were of equal intenfi ty, 
life diftance of thefereen from the neareft candle was feventy- 
l two 
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Experiment with two inches. The (hadow into which the large candle threw 
thick wax* * ts was evid ently ruddy or brownifh, while the other 

candle. (hadow illuminated by the fmall flame, feemed to have a 

bluifti tinge. The flames themfelves appeared to differ in their 
afpeft, in the fame manner as their fhadows : now the lights 
emitted being inverfely as the fquare of the diftances, will be 
as 36 to 64, or as 9 to 16 ; and when both were extinguHhed, 
it was found that three inches of the large candle had been 
burned, and 5.8 inches of the fmaller: but of the larger 
candle, fifty-four inches in length make one pound, and of the 
fmaller 1 92 inches make the pound ; and if we divide 54 
inches by three, the quotient will be 1 8, which (hews, that 
the .whole pound of large candles would have required 
eighteen times our period for its confumption : in like manner, 
by dividing 192 by 5.8, we have a quotient of 33.1, or the 
time of burning a pound of the fmall candles. And Jaftly, if 
we multiply the quantity of light afforded by each candle, by 
the time required to confume a pound of each, we (hall have 
the proportionate quantities of light afforded by equal expen- 
ditures of the combuftible/that is to fay, 18 multiplied by 16, 
produce 288, or the light afforded by the larger candle, and 
33.1 multiplied by 9, give* 297.9 for the fmaller: which is 
one part in 29 in favour of the fmall candle. 

I confider this difference as a greater quantity than the 
errors of experiment, though upon the whole, it feems to con- 
firm Mr. Walker's doctrine. 

SCIENTIFIC NEWS. 

On the Nutriment to be obtained from Bones . 

Rrfuks as it- In the fir ft volume of the o&avo feries of this Journal, page 
* row * 100, notice is taken of the experiments on this fubjeft, detail- 
ed by profelTor Prouft of Madrid, in his inquiry into the 
means of improving the fubiiftence of the foldicr. He dates 
the quantity of jelly obtained from bones to be very variable, 
according to the nature of thofe employed, viz. from nine 
pints to thirteen quarts, from five pounds of bones; thofe from 
the rump and fpine yielding the moft and beft ; and thofe pf 
legs and thighs the ieaft and moft unpalatable.^ 

“Sine 
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Since his work a memoir on (he gelatine of bones has been By Cadet de 
publilhed at Paris by Cadet de Vaux* extracts from which 
have been circulated through France by order of the minifies 
of the interior, in which this method of making a wholefome 
and pleafant food is ftrongly recommended. His experiments 
are faid to have afforded refults nearly fimilar to thofe of 
Prouft, but on being repeated by Dr. Young feem to have 
completely failed? His experiment which is inferted in the 
fifteenth number of the Journals of the Royal Inftitution, is 
as follows: 

Three quarters of a pound of bones were taken from a Dr * Y oun s ,,, 
piece of beef which had been roafted ; they were principally cx P crimcnt * 
the vertebral and fpinal proceflfes; they were reduced to a 
fmooth pafte, by pounding them for twenty minutes, with 
a little water, in a large mortar. They were kept on the 
fire in an earthern pipkin, fimmering or flowly boiling, for 
forty hours, with the addition of proper vegetables, lo as to 
make a quart of broth. The broth (hewed no tendency to 
jelly when cold ; it tailed only of the vegetables, and bad 
neither the appearance, nor the flavour of a highly nutricious 
fubftance: there was nothing difagreeablc in it except its in- 
fipidity, but a few ounces of meat would probably have made 
a better foup. 


Method of preparing Muriatic Ether with fmplc Acid; by ^umde'ether 
M. Boss a . Apothecary at Hameln *. by Bajfe, 

MELT marine fait in a crucible and keep it in fufion an 
hour, or till the whole of the v-;a.‘er of cryllalizalion is dif- 
fipated. Put twenty ounces of this fait into a tubulated retort, 
adapt a curved tube to it, and plunge the tube to the bottom 
of a bottle with two necks, into which have been poured ten 
ounces of alcohol, marking 100 on Richter's alcohol i meter. 

(This alcohol mull be prepared by mixing three parts of highly 
refilled fpirit of v ::*** with one part of potafh, melted and 
pulverized whilft hoi, and diftilling it in a retort till it be 
diminilhed one half.) When the whole is well luted, pour 
into the retort, in quantities of half a penny weight at a time, 

* From Scherer's Journal de Chemie« 

ten 
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fen ounces of highly concentrated fulphuric acid. After each 
introduftion of ucid, clofe the tubulure carefully* and put in 
no more freih acid till the fait has quite ceafed bubbling. 
The cork of the other neck of the bottle muft be taken out 
from time to time, to fuffer the air condenfed above the al* 
cohol to efcape. 

After all the acid is introduced, place the retort on a land- 
bath, and heat it gradually till all the muriatic acid be ex* 
pelted. During this part of the operation, care muft be taken 
frequently to cool the bottle containing the alcohol, by wrap* 
ping a wet cloth round it. 

The alcohol, thus charged with acid, is then put into a re* 
tort and diftilled to one half. Shake the diftilled liquor with 
a fufficient quantity of alcaline ley to carry off the acid, de- 
cani the fupernatant portion, which is ether, and keep it in 
bottles well corked. From the above mentioned quantities, 
two ounces and a half of ether are ufually obtained. 

M. Bofla afferts, that by operating with thermoxy dated 
muriatic acid, light alcoholic ether can never be obtained, 
but only a heavy oleaginous ether, which, inftead of floating 
on water, falls to the bottom of that liquid. 


On the EffcSis produced by the Decortication oj Trees. 

Decortication SEVERAL papers have lately appeared in the American 
m irsei# Philofophical Tranfaftions, and other fcientific works, re- 
commending the depriving trees of their bark as a means of 
exterminating noxious iofe6ts which find fhelter in the crevices 
of the bark, and between it and the body of the tree. From 
the effects produced on two apple-trees, as related in the 
Monthly Magazine for laft month, though the fource from 
which their information is derived does not appear, it would 
feem that this pradice is deftruftive of the tree itfelf. The 
relator afferts, that, one of the trees died in May following 
the operation, and the other before the neighbouring trees 
had (hed their leaves. He alfo Hates that the denuded trees 
were affected by feveral long fiffures, w hich he attributes to 
the alterations of heat and cold, and confiders as theim* 
mediate caufe of their death. He concludes by a query, 

whether 
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whether (heltering the trunks by matting, or other effectual 
means might caufe the fuccefs of the fcheme, and recommends 
the experiment. 

The fociety of agriculture, commerce, fciences and arts 
at Chalons, in the department of the Marne, have repro* 
pofed the following prize queftion, to which no fatisfadtory an- 
iwer was received laft year. 

* r What defcription of ufeful plants of any fpecies, can Prize qutftioa* 
be made to grow on the moft barren foils, fuch as thofe of the 
ancient Champaghe (or department of the Marne) which 
prefents little or no vegetable earth, above a chalky or Tandy 
tufa?" 

In confequence of the importance of the queftion, the 
fociety have increafed the value of the gold medal, from 1000 
to 1500 grammes of filver, or 300 livres ; it is to be decreed 
at the public fitting of the Society, on the 1ft of Vendemiaire 
in the 12th year. 


ACCOUNT OF NEW BOOKS. 

Rcfearches into the Properties qf Spring Water with Medical Lambe on fpring 
Cautions (illuftrated by Cafes) againft the Ufe of Lead in the watcr * 
Confirutlion of Pumps, Water Pipes , Cifterns, fyc. By 
William Lambe, M. D. late Fellow of St.John's Collect 
Cambridge, pp, 204-. London, 1803. 

The objedt of this work is an inveftigation of the qualities 
accidentally acquired by water, which render it in many in- 
ftances injurious to health. Of thefe, lead is a principal 
caufe, which in whatever form it is introduced into the human 
body, is equally deleterious and fatal. In treating of this 
poifonous metal as a receptacle or condudior of water, he 
fliows how it is adted on by it and air, fo as to be capable of 
fufpcnfion in the fluid, by which means it is received into the 
alimentary canals, and conveyed to every part of the fyflem. 

Hence arife difeafes, which from their caufe being unfuf- 
pedted, and consequently fuflered to continue its cffedts, are 
unconquerable by medical fkill. Many inftances of this de- 
fcription are given, fome of which were removed by change 
of Tefidence, and recurred on the return of the patient, nor 

were 
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were they effeftually fubdaed, until the difcorery of the 
caufe, and the difconfmuance of the ufe of the water which 
produced them* 

Mr. Lambe has (hewn a pOrfevering attention to the fubjedt 
he has undertaken to inveftigate, and has very dearly proved 
the trtmious eflefils arifing from the unguarded ufe of lead in 
domeftic economy. 


Sheldi alee on //into to thofe who are affli&ed with Ruptures , on the Ab- 
ruptures. tine, Cure, and ConCequeuce* <if the Difcqfe; and on the Em- 

pirical Practices of the piefint Day, By T. Shel dr axis, 
1) ufi-Maker to the Weft min/ler* Ilofpital, pp, 180. London, 
l SOL 
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ARTICLE I. 

On the Pi oduthon of Sulphate of Magncfiafrom the AJhes of Pit- 
Coal, uith Remaiks on the Efflorefience qf the Jhme Salt, ob - 
ferved by Dr . Bollock . In a Letter from the Rev . William 
Gregor. 

To Mr. NICHOLSON. 

SIR, 

In the number of your Philofophical Journal for December, Efflorefcence 
1802*, I read a letter from Dr. Bollock of Liverpool, i n alhe* of 
■which he gives an account of an unexpected production of the afforded gypfum 
fulphateof magnefia; which brought to my recolle£lion a fa6L ^P halc °f 
which fell under my notice, about two years ago, and which 
may poffibly tend to throw fome light upon the phenomenon 
Obferved by your corfefpondent. — Having accidentally difc 
covered a faline cruft adhering to the wood- work of a frame on 
which I lift my coal-a(hes, for economical and agricultural pur- 
pofes, I fcraped off a fufficient quantity of this fubftance with 
a view of afcertaihing its nature. 1 diflolved it in diftilled 
water, ahd Separated all impurities from it, by the filter. This 
► folution tried by the ufual tefts, gave indications of the prefence 
of folphuric acid, oft lime, and of fome other earth. I evapo- 
rated the folution, 4nd fome gypfum was feparated ; when this 
fait ceafed to af^&ar I poured off the fluid, which had affumed 

f • Vol. III. p. 288. 
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a browniih hue. I gradually evaporated it liitl farther, and fist 
it afide in a cool place : It (hot into a beautifully cry tlatlined 
fait, which agreed in form and properties with the purefi fill- 
phate of magnefia, except as to colour, which inclined to- 
wards a brownifb tint, which circum fiance probably arofe from 
the extractive matter of the decayed wood, which this fait had 
penetrated. The coals, which had been lifted in this place, 
were thofe from Liverpool and Wales. The place was open 
to the air and rain. 

Liverpool coal In order to narrow my field of conjecture as to the origin of 
tveated more the above-mentioned falts, and to exclude, as far as poffible, 
t purer refult. * the concurrence of unknown circumfiances I collected a fuf- 
ficient quantity of allies from my own fire in my fiudy, where 
I had burnt Liverpool coals only. On repeating the fame pro- 
cefs, the refult was the fame : I obtained gypfum and a (till 
purer fulphate of magnefia : The quantity of the latter ex- 
Welch coal alfo. ceeded that of the former. I examined alfo the alhes pro- 
duced by Welch coal, and I detected gypfum and the fulphate 
of magnefia in them alfb. They contained, however, a much 
larger quantity of gypfum tlr&n of the latter fait. 

The exaCt quantities of thefe falts, which might be obtain- 
ed from a given weight of the allies of thefe different coals, 
I did not afeertain. 

Thefe tfliei The alhes obtained from the above-mentioned coals were 
nuie/ ,ood “““from time to time fpread, (or to ufe our common and provin- 
cial term) Jkeaded * over grafs, and with apparently good ef- 
fect*, notwithfianding the fulphate of magnefia, which, I was 
well afiured that they contained. 

Mr. Tennant Mr. Tennant's difcovery of the unfriendly nature of magnefia 
magnefu and hs to vegetation is to be ranked amongft the few prominent and 
carbonate are in- well efiabli fhed fads in agriculture, which modern fagacity 
totio* 1 /but the ^ as bought lo light" Communications of fads and difeoveries 
fulphate may in this highly important fcience are, indeed, abundantly fup- 
h« good. plied unto us by ingenious and experienced agriculturists, but 
the truth and the utility of the greater number of them mull, 
from the nature of the fubjed, depend upon fiich a variety of 
variable circum fiances, that the application of them to parti- 
cular cafes can be only confidered as a matter of experiment. 

But Mr. Tennant's obfervations, contained in his elTay on the 

S 

• Etymologifts may probably recognise in thL^word the Oreek 
verb Xxifew, > 
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Mfetent fdrts of lime ufed id agriculture, feem to Hand, in A 
great meafure, independent of local and contingent ciicurn- 
ftarices, *hd may be lately recorded among!! the certainties of 
the fciencch But in this* as in other fubje&s, We mud be care- 
ful* that our condufioiis do not wander beyond the limits which 
bur premifds Warrant; Magnefia and CrirbohatO of magnefia 
Inay be inimical to vegetation : But it by no means follows from 
the admitfibn of this fa6l, that magnefia combined With ful- 
pburic acid poiTeHes the fame definitive properties. 

I conjedured that the origin of thefe falls in coal aftles Was Origin of thtfr 
to be aferibed to the decompofition of (chiflas and pyrites, * p tel * 
both which fubfiances are frequently found amongft pit coal. 

In order to form a judgment refpe&ing the probability of Pyrites aw| frea- 
toy conjecture, I mixed fome pounded pyrites with f° me Jhen eTpofcd ”o 
fleatite reduced to powder in the proportion of about 2 : l. the atmofpheie 
and expofed this mixture in a crucible for about an hour and a JJjjJjj 1 *** 
half to the heat of a brifk fire in a common grate. There 
remained at the bottom of the crucible a dark red powder* 
which was expofed to the air for a confiderable time before I 
examined it.— I threw it upon a filtre and poured diftiiled 
water upon it, which tailed exceedingly bitter, and oh fur- 
ther examination* I found it to contain fulphate of magnelia. 

Pruffiate of potalh did not betray the leaft trace of iron held in 
folution* Whether the magnefian fait Was in a flate of ful- 
phite at firfi I cannot tell. 

In places where fteatite and pyrites are plentiful, this procefs This artificial 
for obtaining fulphate of magnefia would be neither difficult 
nor expenfive.— In the cafe which Dr. Bollock records, might ficable. 
there not have been fome coal alhes mixed with the clay ufed 
for making'thc brick, on which he difeovered the faline efflo- 
refcence ? 

As I have never feen the foregoing fadls noticed by any per- 
fon, I have been induced to tranlmit an account of th^m to 
you. If you think them worthy to be recorded* they a;e at 
your fervice. 

I am, 

SIR* 

Your obedient humble fervant, 

WILLIAM GREGOR# 

Creed, near GreApound, Commit, 

July m 1*03. 
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Artificial yeaft. 
One hundred 
pounds of malt 
is brewed wirh 
hops nearly in 
the common 
way evapo- 
rated to Half j— 
fermented with 
yeaft and 
agitated with 
fifty or more 
pounds of meal 


The Method of making Artificial Yeaft in Germany and Sweden*. 

Communicated bu Sir A. N. Edblcrantz. 

T * 

O one hundred pounds of the beft malt, confiding of one 
part of malted wheat and two parts of malted barley, % dried in 
the open air and well ground or bruifed ; add ten pounds of 
good hops, fin'd brew the mixture with three hundred and fifty 
pounds of water to form wort, in the common way. After a 
’ fiiort boiling you feparate the grains and hops from the wort, 
which lad by continued boiling may be reduced to the half 
or one hundred and feventy-five pounds. Cool it down as 
, foon as poffible to 70° fahrenht. and mix it then with thirty-two 
pounds of good yeaft, which this firft time may be common 
brewers yeaft, but in every fubfequent operation of the arti- 
ficial. The wort will very foon ferment, and after four or 
five hours it will be covered with a thick, white, yeafty froth. 
When this appears, the whole mafs muft be ftrongly agitated, 
and at the fame time mix it well with from fifty to feventy-five 
pounds of fine ground meal of wheat or barley, either malted 
or unmalted. By keeping it conftantly in a cool place, it will 
continue in a good ftate for ten or fifteen days in fummer, and 
in winter from four to fix weeks, and ftili longer if ftirred once 
or twice daily. This yeaft, when employed in diftilleries, 
breweries, or for making cider and vinegar, as alfo by bakers 
and paftry-cooks, is aflerlhd to be as ufeful and effedual as the 
beft common yeaft. 


III. 

Remarkable Fa£t of the Difappearance of a Mixture of Oxigen and 
Hydrogen , at the common Temperature over Water ; inducing 
the Probability that Water may be formed at low Heats. In a 
Letter from Mr. B. Hooke. 

To Mr. NICHOLSON. 

SIR, 

If you, thiuk the following, fad which occurred to me in tho 
dimmer of 1800 (and which feems rather ^o prove theforma- 

* This procefs was communicated to m6 by mydearned friend, the 
celebrated chemift, Mr. Weftrumb in Haraelto, 'and differs very 
4ittle> though more pevfeft, from the method ufed in Sweden* 
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•tion of water from its elements at common temperatures) 
worthy a place in your very interefting Journal, the infertion 
will oblige. Sir, 


your’s, &c. 

B. HOOKE. 


Fleet Street , July 12, 1803. 


HAVING beep accuftomed to keep (for the purpofe ofoxigenand 
deflagrating) a mixture of ,oxigen and hidrogen gafes in the hidrogen mixed 
proportion as nearly as I could guefs that would form water, I an inverted ” 
was much furprifed upon inverting a quart bottle of fuch a h°Ki« w‘th a 
mixture in a pneumatic tub, to find the water immediately rile ap^a^^dufing 
Up and fill it; as I could only account for it by fuppofing water three months 
had been formed from its conftituent parts, or that the gafes a va * 
had efcaped from the bottle and left a vacuum. Either fup- 
pofiiion appears to be attended with confiderable difficulties ; 
for what nice play of the affinities could occafion the abftrac- 
tion of that portion of caloric which is eftential to the aeri- 
form ftate of the gafes, and muft be before water could poifi- 
bly be formed ; and on the other hand, if the gafes had made 
their efcape at the cork, what prevented the atmofpherical 
air from entering ? The bfittle containing the gafes had been 
left inverted in a common bottle rack with a fmall quantity of 
water in its neck for about three months. 


IV. 

Experiments on the Quantity of Gafes abforbed by Water, at dif- 
ferent Temperatures , and under different Frejfures . By Mr . 

William Henry *. 

Though the folubility of an individual gas in water forms, Solubility of 

generally, a part of its chemical hiftory, yet this property has 6“f es 1,1 watcr 
f i , , . .. . J c / - r x : J c hithei to little 

been overlooked, m the examination of feveral fpecies of the examined, 

clafs of aeriform fubflances. The carbonic acid, indeed, is 

the only gas whole relation to water has been an objedt of 

much attention ; and, at a very early period of its luftory, Mr. 

Cavendifb, in the courfe of inquiries, the refuits of which were except with 

the groundwork of the mod important fublequent difcoveries, bom'cgai.^" 

ascertained, with peculiar care, the proportion of carbonic acid 

* From the Philofophical Transitions for 1803* 
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gat condenfible in water, at the temperature of 55* of Pahrasi* 
heit. Qr. Frieftley alfo, about the fame period, directed hi« 
attention to the fatqration of water with fixed air, and con* 
trived a fimple and effectual mode of obtaining this impregna* 
tion. His apparatus, afterwards, gave way to the more ma« 
pageable one of Dr. Nooth ; and this, in its turn, has been 
fuperfcded by the improved mode of cqndenfing, into water, 
spany times its bulk of various gafes, invented and practifed 
by feverai chemical artifts, (as well as by rayfelf,} both in this 
country and abroad. 

The influence of preflure, in accomplifoing this ftrong im* 
pregnation, was firfl, l believe, fuggefted by Dr. Prieftley, 
u In an exhaufted receiver/ 1 that raofl ingenious philofopher 
obferves, •• Pyrmont water will a&ually boil, by the copious 
difcharge of its air; and I do not doubt, therefore, that 
by means of a condenfing engine, water might be much morn 
highly impregnated with the virtues of the Pyrmont fpring*/ 1 

Before defcribing my experiments on the efledts of addi? 
tional p re (fa re, in faturaling water with gafes, it .will be ne* 
ceflary to flate the refolts of others, that were previoufly ex? 
pedient, to determine the quantity of each gas cpmbinable 
with water, at a given temperature, and under tfie ordinary 
weight of the almofphere. In a few inftances, alfo, it was 
deemed proper to afcertain the influence of different tempe, 
futures, over thp condenfation of gafes in water. 

SECTION I. 

OV THE QUANTITY OP CASKS ABSORBED BY WATER, 

UNDER TRE VSyAt^|RESSVRE Of THE ATMOSPHERE. 

f or In order to attain conflderable minutenefs in obferving the 
proportion of gafes abforbed by water, an apparatus was era- 
ployed, of whic'h the following is a dcfcription. 

The veflel A (Plate I. Fig. 1.) is of glafs, about 2 inches 
diameter, and 4$ inches long, It is graduated into cubical 
inches, and quarter inches ; and furniflted at the top with a 
brafs cap, into which a cock a is fere wed. To the lower a per? 
ture, a popper tube C is cemented, which is bent at a right 
angle, the leg neareft the veflel being carried downwards, and 

* Experiments on Air, arranged and methodised* Vol, I. p. 31. 

' % furniihod 
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furniffied with b cofk 5. B is a glafs tube, of about | inch, 
bpre, bent at a right angle, and graduated, from a given point# 
into hundredth parU of a cubical inch. It is attached to the 
copper pipe, by a tube of Indian rubber D, over "which is a 
covering of leather, forming a joint, which admits of the veflel 
A being briftly agitated. When the apparatus is ufed, it is 
firft filled with quickfflver ; a transfer bottle of elafiic gum, 
furnifhed with a cock, and containing water of a known tem- 
perature, is fcrewed on; and a communication is opened, 
through the cocks, between the bottle and the glafs veflel. 

The lower cock b is then opened, through which the mercury 
runs out, while its place is fupplied by a quantity of water 
from above, meafurable by the fcale on A. This transfer is 
removed, and another containing gas being fubftituted, a mea- 
fured quantity of gas is admitted in a fimilar manner, Strong 
agitation is now applied, by means of the joint D ; and mer- 
cury is poured into the tube B, to fupply the defcent occa- 
fioned by the abforption in A; its level being exactly pre- 
fer ved in both legs of the. fy phon, both at the commencement 
apd clofe of the experiment. The quantity of mercury re- 
quired for this purpofe, indicates precifely the amount of the 
gas abforbed. 

The only advantage of this apparatus over a cylindrical jar, 
inverted in the ufual way over mercury, is, that by means of 
the tube B, very minute degrees of abforption may be mea- 
fured, which would fcarcely be perceived in a wide velTel. 

For the more abforbable gafes, I found this inftrument to Another appa- 
anfwer perfedtly well, but, for afeertaining the folubility of 
thofe which are taken up by water in only fmall proportion, I forbed by water* 
preferred one of different conftru&ion. It conffffed (imply of 
a glafs veflel, of the capacity of 57 £ cubical inches, and (haped 
as in Fig. 2. At a was cemented a cock, provided with a 
ferew ; and the lower cock b was of glafs, accurately ground 
in. The veflel was then filled with water which had been 
long boiled ; a lifting valve was fcrewed on a, the cock being 
open, and the veffel was placed under the receiver of an air 
pump, where it was kept for fome time, the pump being oc- 
cafionally worked, as long as any air bubbles could be Teen to 
arife. The gas under examination was next admitted from an 
elaftic bottle, the cock b being opened, and a meafured quan- 
tity of water let out# The gas and water were then violently 

agitated 
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Agitated together ;'and the cock b opened under mercury, 
which afcended into the veffel. The agitation was ftill conti- 
nued^ obferving to preferve the fame level of mercury ‘without 
As within the veffel ; and, when it rofe no higher, the afcent 
was noted by means of the graduated fcale. The quantity of 
mercury that had entered the veffel, indicated the amount of 
abforption that had enfued. 

It might, however, be objected, that the water would ac- 
quire air again, while poured into the veffel ; and I therefore 
fometimes ufed large glafs globes, having long. necks, accu- 
rately graduated. Thefe globes, being of very thin glafs, 
were filled with boiling water, and inverted inftantly in a trough 
of quickfilver. When the water became cold, the mercury 
was, Qf courfe, found to have rifen partly into the veffel. This 
portion was difplaced by a meal’u red quantity of gas; and the 
abforption was denoted by the afcent of the mercury in the 
graduated neck. 

General proceed The water employed in thefe experiments was boiled, during 
tiom! n C1U " feveral hours, in a tin veffel having an aperture barely fufficient 
to allow the egrefs of the fleam, and poured, while boiling hot, 
into glafs veffels, which were corked, and tightly tied over 
with bladder. An equable temperature was produced in the 
water, mercury, and gas, except when above 85°, by regu- 
lating that of the room in which the experiments were made ; 
and the glafs veffel, during agitation, was carefully guarded 
from the warmth of the hand. The agitation was continued, 
till it appeared, by the fcale, to produce no further effedt ; 
and, in the abforption of difficultly condenlible gafes, was re- 
peated at intervals, during a fpace of from twelve to twenty- 
four hours. Alterations of the barometer were always ob- 
ferved ; and the refiduary gas meafured, or eftimated, at a 
preffure of inches. 

1 . Abforption of Carbonic Acid Gas by Water, 

Carbonic acid That the temperature of water influences the proportion of 
*bl ^b* car b° n * cac id which it is capable of abforbing, is already known 

higher tcmpc- at as a general fadt ; * but the exadt amount of this influence has 
raturei. not, I believe, been hitherto afeertained. In the courfe of a 

* See Mr. CavendiflTs experiments in the Phil. Tranf. Vol. 
LVI. p. 163; and Fourcroy’s SjJfeme, 4to» Tom. I. p. 215. 
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Iferies of experiments to determine it with precifion, I wis 
ftrprifed by obtaining refults which differed confiderably from 
bach other, at the fame temperature of the gas and water'; 

When both were, in different experiments, of like purity; and 

when the barometer had the fame elevation. Of the caufe of The refulti at 

thefe variations I was not aware, till my friend Mr. Dalton ^ tcm P era - 

J tures ana pref- 

fnggefted, that they probably depended on the variable amount Cures are not 
of the refidues ; and, on repeating the experiments; with dif- 
ferent proportions between the gas and the water, this fug- of gTbe^rc- 
geftion was fully confirmed. Thus, when two meafures offcnted; . 
carbonic acid gas were agitated with one meafure of water, 
the abforption was confiderably greater (han when, to the fame 
quantity of water, a lefs proportion of gas was ufed. The becaufe the 
caufe of this diminifiied abforption, feems to be conne6ted ,cr ic ? duei 
with the proportion of common air contained in the unab- greater propor- 
forbed refiduum 5 for, betides the unavoidable contamination. tio^of common 
of the gas employed, with a minute portion of the air of the g asa i 0 „g wUhit. 
veffel ufed for its extrication, a fmall quantity will always be 
liberated from the water, whatever pains have been taken to 
deprive it of air, by previous long boiling, expofure under the 
air pump, or both in fucceflion. That this is the true expla- 
nation, appears alfo, from the refull of adding to the gas a 
proportion of common air. Thus, when, at the temperature 
/of 55°, 20 meafures of carbonic acid are agitated with 10 of 
water, at leaft 10 meafures of gas are taken up; but, from a 
mixture of 20 meafures of carbonic acid with 10 of common 
air, 10 parts of water take only 6 of carbonic acid, or 4 lefs 
than in the former infiance. 

An analogous fa6t was obferved by Dr. Brownrigg *, who Reverfe fa£: 
remarked that gas does not efcape from the water which it Tha * fias « fca P^ 
impregnates, unlefs the water be in contact with air; for, when readily fiom 
the Pouhon water was excluded from air, but, at the fame time, 
liberty was given for its gas to arife into an empty bladder, common air# 
the gas did not fpontancoufly feparate from the water ; but, 
on the contrary, remained united with it, when expofed to the 
greatefi heat of our climate. When the impregnated water, 
he obferves, is thus excluded from air, the gas will efcape very 
flowly, at any temperature lefs than 1 10° of Fahrenheit, al« 

* See Dr. Brownrigg’s Paper on the Pouhon Water. Phil. Trahf. 

Vol. LXIV. 

though 



m 


mew«E»f ( $ or casks Aitoa»s« it w at**. 

(hough focfa heat be Efficient for (he diftillation of water | nor 
can it be- wholly expelled by a heat of 160* or 170°, continued 
two hours. But it is well known, that water faturated with 
carbonic acid gives up its gas rapidly, when freely expofed to 
the atmofphere, 

In fixing the proportion of carbonic acid abforbed, it is 
therefore neceflary to note the quantity of refiduum, as is done 
in the following table. 


Tabulated refults 
of carbonic acid **P«n * 

abforbed by ment. 

water. ... . . . 

Tempe- 

rature, 

Meafures 
of water. 

MeafureJ 
| of gas. 

Quantity 

abforbed. 

! 

Refidue. 

Abforbed by 
too Inches 
| of water. 

1 

55 

13 

32 

14 

18 

108 

2 

85 

13 

32 

11 

21 

84 

3 

55 

13 

24 

14 

10 

108 

4 

55 

10 

15 

10 

5 

100 

5 

55 

20 

20 

18 

2 

90 

6 

55 

19 

19 

16 

3 

84 

7 

85 

19 

19 

13 

6 

70 

8 

no 

10 

20 

6 

14 

60 

9 

no 

20 

20 

9 

11 

45 

Since the above tabic was drawn up, I have been gratified 


by remarking that, in the experiments of Mr. Cavendifti, fimi* 
lar variations in the quantities abforbed, were produced by the 
variable amount of the retidua ; as will appear from the follow* 
ing dedudtions from his experiments. 

At the temperature of 55*, 

Mr. Cavendiih** !• When the gas abforbed was to the refidue as 100 to 161, 
faults. 100 cubical inches of water took up - - 116 

2. When the abforbed gas was to the refidue as 100 to 16, 

i 00 inches of water took up - - - 107 

3. The abforbed gas being to the refidue as 100 to 10, 

100 parts of water abforbed ... I02£ 

4. The abforption being to the refidue as 100 to If, 

100 parts of water took up - - - - 95 $ 

The quality of the refiduum, I only afcertained in expert 
ments 5 and 6 of the preceding table. In experiment 5, the 
yefiduary two meafures contained 7$ per cent, of common air, 
or 0.15 of a roeafure. But, of thofe, .13 exifted previoufiy 
in the 20 meafures of carbonic acid gas ; and the 20 meafures 

of 
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of Water had, therefore, only given up .02 of a meafure, or 
about its bulk* I apprehend, however, that the whole 

of the common air was not, even thus, extricated from the 
water. In experiment 6, the 3 refidunry meafures contained 
£ of common air. 

To judge of the influence of temperature, it is eflential that Carbonic acid It 
the experiments compared thou Id be on fimilar proportions 
gas and water. Thus, from a comparifon of experiment 1 and titles as 9 to 7! 
2, it appears that about ^ of the whole bulk abforbable at 
55°*, is the diminution of the quantity of abforption produced 
by each elevation of 10° of temperature; and the fame in* 
ference follows from various other experiments, the refults of 
which I have thought it needlefs to fiate *. 


2. Sulphuretted Hydrogen Gas . 

One hundred parts of water, at 55° of temperature, abforb Sulphuretted ^ 
86 parts of this gas, obtained from fulphucct of iron and dilute 
fulphuric acid, a residue being left, equal in bulk to the gas ami 85®, in 
ab for bed. At 85°, under fimilar circumftances, the fame < }“ a | 1 * , * ,es a# 

*0 19 9. 

quantity abforbs 78. 


3. Nitrous Oxide. 

At 45**, 100 cubic inches of water take up 50 of nitrous Nitrous oxide 
pxide ; and, at 70°, the (ame quantity takes up only 44. Ac- ,s ^forbe^at . 
cording to Mr. Davy, in whofe experiments, from his iiitimate quantities at’ ** 
knowledge of this gas, and flcdl^n its preparation, I place more 8 t0 7* 
confidence than in my own, 100 inches of water at 45®, take 
up 54 of nitrous oxide, the refiduum being about one half the 
volume of the gas abforbed. 


4. Left abforbable Gafts. 

The experiments with thofe gafes which are abforbed only Left abforbable 
in fparing proportion by water, I could not conveniently make8*f«* 
at more than one temperature ; nor, indeed, did the object 

* During the abforption of carbonic acid by water, the gas and 
water having previoufly the fame temperature, there is an extrica- 
tion of calcoric, fufficient to raife the temperature of the water be- 
tween i and } of a degree of Fahrenheit. The fame efteft is pro- 
duced by the condenfation of fulphuretted hydrogen, and nitrous 
oxide gafes, though lefs apparently. To perceive this phenomenon, 

fconfidcrable quantities of gas and water fhould be ufed. 


appear 



■XPERIMENTS OF GASES **f OAI1D4Y WAT 111. 

appear to me worthy of the time and attention which filch* 
repetition of them would have required. Of the accuracy of 
the following, however, I fatisfied myfelf, by repeating each 
two or three times 5 and with gafes of the greateft attainable 
purity. 


Thefe numbers 
are corrected 
in the appendix. 


100 cubic inches of water, at 60°, 

abforb. 


Of nitrous gas ... 


5 incites. 

Oxygenous gas - 


2.63 

Phofphuretted hydrogen ditto 


2.14 

Gafeous oxide of carbon 


2.01 

Carbu retted hydrogen gas - 


1.40 

Azotic gas - - , - 


1.20 

Hydrogen gas - 


1.08 ' 

The folubility of atmofpherical air 

cann<t 

eafily be afeer- 


Former ftate- 
scents of air 
feparable from 
water inaccurate 
from the portion 
ftill left in the 
fluid. 


Expulfion of 
gas from fpring 
water. 


tained ; for, as I (hall hereafter (hew, in a memoir on the ex- 
pul fion of gafes from water by each other, air is decompofed 
by agitation with boiled water, its oxygenous portion being 
abforbcd in preference. 

From the llatements given by various philofophers, (the 
Abb£ Nollet, Drs. Hales, Prieftley, and Fearfon,) of the 
quantity of air leparable from water of different kinds, by heat 
or a diminiftied prcflure, I expeded that a much larger pro- 
portion of the gafes corifiituting the atmofphere would have 
been abforbed by water, than the above numbers affign. It is 
to be recollected, however, that no method hitherto difcovered 
detaches from water all its air; and the unknown quantity 
remaining in it, after thefe modes of feparation have been em- 
ployed, is to be added to that with which a given volume of 
water can be artificially impregnated. Dr. Pearfon, in his 
enquiries into the nature of the gas obtained by palling eledric 
di (charges through water, was at great pains to purify the 
fubjed of his experiments from air/ by boiling and a powerful 
air pump ; but he always found, that after the full etfed of both 
thefe method's, eledricity liberated a further, and not an incoh. 
fiderable, portion of air . 

Common fpring water may, I think, be fairly taken as a 
fpecimen of water full charged with atmofpherical air ; and, 
with the view of determining the quantity and kind of gafes 
extricated from it, I made the following experiment. A glafs 
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globe, of the capacity of 1 17| cubical inches, "was 6 Ued with 
water frefh from the wqll. To its mouth was adapted a curved 
and ftoppered tube, which held | of an inch ; and this was alfo 
filled with water. The globe was then placed in a veflel of 
brine, which was kept boiling between fix and feven hours; 
and the gafes were received over mercury. Their quantity 
and quality were as follows. 

Confifted of Proportion of Its nature and 

Cub. inches* ^ Oxygen gas in the quantity. 


No. 


Carbonic acid. Air. 

rcfiduary air. 

1 

1.25 

0.50 0.7*5 

0.20 

2 

1.25 

0.85 0,40 

0.16 

3 

1.63 

1.23 0.40 

0.16 

4 

0.50 

0.49 0.01 

loft by acci- 

Air remaining In } 
the bent tube. J 

4.63 

[o.75 

3.07 1.56 

dent. 


5.38, 

total gas from 117 £ inches of water. 

But, 4f inches of water were 'expelled, owing to the ex- 


panfion by heat. Therefore 1 17§ — 4f = 1 13 inches of 
water, gave 5.38 inches of gas; and 100 inches, confe- 
quently, gave 4.76, of which 3.38 were carbonic acid, and 
1.38 atmofpherical air. flence, the water afforded about 
its bulk of atmofpherical air, and ^ of a mixture of gafes. 

In this eftimale, the gas remaining in the tube is reckoned as 
carbonic acid, which may be allowed, tince the portion laft 
obtained held only ^ its bulk of common air. 

SECTION II. 

ON THB INFLUENCE OF PRESSURE IN PROMOTING THE 
ABSORPTION OP GASES ; AND THE DESCRIPTION OF AN 
APPARATUS FOR EXHIBITING THIS PHENOMENON. 

For the purpofe of determining the ratio between the addi- Method of <£• 
tion of preflure and the increafed abforption of gafes by water, g a f e n s 8 JIre ab-^ 
I employed the apparatus, with fom? addition, which has been forbed under 
already defcribed. The tube B was lengthened at pleafure, prc ^ urc * 
with the view of obtaining, by a column of mercury, any ad- 
ditional preffure that might be required. The vefTel A, Fig. 1 , 

was 
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Was then filled completely with mercury* which Tofe to ite 
correfponding level in the tube B« A given Quantity of water? 
of a known temperature* and afterwards a meafured volume 
of gas* were transferred into the veffel* in the mode already 
defcribed | and, as tlie mercury* by opening the cock b * wa i 
brought to the fame level in both legs of the fyphon. the gas* 
it is evident* muft have been under the ordinary weight of the 
•tmofphere. A quantity of mercury Was next poured into 
tho leg B, Efficient to Ibrm a column 28 inches higher than 
He level of the mercury in A* after this addition ; and the 
bulk of the gas was again noted* This was found to be* pretty 
exactly* f, &c* of the fpace occupied before* when one* 
two, or more additional atmofpher?s were applied. Brilk 
agitation was now ufed* as long as any abforption took place} 
and, into the tube B an affiftant poured mercury* fo as to pre* 
ferve in it the excefs of 28 inches above the level of the mer- 
cury in A. The degree of abforption was known by the fcale 
on A, or, more accurately, by the quantity of mercury re-* 
quired to fupport the elevation of 28 inches in B* 

By lengthening the column in B to 56 inches, the preflure 
of two additional atmofpheres was obtained ; and this was the 
utmoft extent to which the addition of weight could be carried* 
without forcing the joint at D. 

When the cock b was opened, and the Column in each leg 
thus fuddenly fell to the fame level, the water* which had beeit 
previoufly charged with gas, under a preflure of three atmo* 
fpheres, effervefced violently ; but fome time elapfed before 
the additional gas, forced in by compreilion* was wholly 
evolved. Thele appearances are very Ariking and amufing ; 
and are well calculated for exhibition in a chemical ledture* 
The apparatus, however, 1 have no doubt, may be greatly 
improved ; but, at the diflance of nearly 200 miles from thfe 
metropolis, I was under the neceflity of ufing fuch an one as 
could be conltru&ed by my own hands, 
appi- A confiderable improvement in the conftruftion of the ap* 
*#»»• paratus, which would obviate the expediency of the flexible 

tube D, would be the following. To the lower neck of the 
velfel A, Fig* 1* let a cap and cock. With a female fcrew, be 
cemented ; and let the upper end of the pipe C be terminated 
by a cock with a male fcrew. Introduce the gas and water* 

ixs 
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in the manner already defcribed j apply the increafed preffufej 
and, having (hut the two additional cocks, tinfcrew them from 
each other. The veffel A will thus be detached, and agita* 
tion may be eafiiy applied ; after which, again fcrew it into 
its former place, and, on opening the two cocks, the mercury 
will rife in the velfel A. Supply the defcent in B by frefli 
mercury, and proceed as before, repeating alternately the 
preffure and agitation, as long as any further abforption takes 
place. 

A further amendment of the apparatus, would confid in the 
fubftitution of cocks of fome other metal than brafs, which, 
however perfed at firft, are always injured by the repeated 
aftion of the mercury. If cocks of glafs could be ground fuf- 
ficiently tight, metal caps with fcrews might be cemented to 
them. 

For obferving the increafed abforption of lefs condenfible Operation under 
gafes, I found it neceffary to fubftilute a veffel of larger fi ze kTs^abforbaWc^ 
than A, and of the rapacity of at lead 50 cubical inches* It isgafei. 
represented by the dotted lines in Fig. 1, and was furnilhed 
with a cock and fcrew at c. As it would have been trouble- 
fome to have tilled fo large a veffel entirely with quick(ilver, 
it was filled with boiled water, with the exception of a quan- 
tity of quickfilver rather exceeding the bulk of the gas em- 
ployed. The gas was admitted, as ufual, from a transfer bottle, 
the mercury which it replaced efcaping through the cock b. 

The increafed preffure was next applied ; and the experiment 
conducted as before, except that the agitation was much longer 
continued. 

The refults of a feries of at lead fifty experiments, on car- General law. 
bonic acid, fulphuretted hydrogen gas, nitrous oxide, oxy. 
genous and azotic gafes, with the above apparatus, edabliih always abforb* 
the following general law : that, under equal circumftances of** 1 * 
temperature, water takes up, in all cafes, the fame volume of con- oTrare, 

denftd gas as of gas under ordinary prejfure . But, as the fpaces 
occupied by every gas are inverfeiy as the comprefling force, 1 

it follows, that water takes up, qf gas condenfed by one, two , or and confequently 
more additional atmojpheres, a quantity which, ordinarily com-\ ma fi or 1 u f nm 
preffed, would be equal to twice, thrice, fyc. the volume abforbed thc°pn&vr*+ 
ynder the common prejfure qf the atmojphere . By frequent re- 
petion of the experiments, I obtained refults differing a little 

from 
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from the general principle above ftated ; but, for all practical 
purpofes, I apprehend, the law has been announced with 
fufficient accuracy *. 

Iii place of the cock a , I cemented, in one experiment,, a 
very fcnfible thermometer. The veflel was next filled with 
mercury through the cock b ; and the tube B being alfo filled, 
the cock b was (hut, and a bottle of carbonic acid gas fcrewed 
on. The cock b being then opened, the mercury defcended, 
and a meafured quantity of carbonic acid arofe into the veffel 
A. In the fame way, a meafured quantity of water was in* 
troduced. When the denfity of the air was fuddenly doubled 
by a column of quickfilver, the mercury in the thermometer, 
whofe bulb was flill furrounded by the condenfed gas, rofe 
about degree. On agitating the veflel, till the water en- 
compafled the bulb of the thermometer, an elevation of barely 
\ a degree enfuecl in the temperature of the water. This 
afcent would probably have been greater, if the evolved heat 
had not been carried off by the mercury on which the water 
floated. 

Muncliefter , Dec. 8th , 1802* 


APPENDIX,— (Since read,) 

SINCE my paper was finifhed I have found that the num- 
bers afligned in it, as indicating the quantities taken up by 
water of fome of the more abforbable, and of all of the left 
abforbable gafes, are rather below the truth. The accuracy of 
thefe numbers I was led to doubt by a fufpicion that due at- 
tention had not always been paid, in my former experiments, to 
the quality of the unabforbed refiduum. For, the theory which 
Mr. Dalton has fuggefled to me on this fubjelt, and which ap- 
pears to be confirmed by my experiments, is that the abforp- 
tion of gafes by water is purely a mechanical effe£t, and that 
its amount is exactly proportional to the denfity of the gas, con- 
fldered abftra&edly from any other gas with which it may ac- 
cidentally be mixed. Conformably to this theory, if the re- 
fiduary gas contain f , T ^, or any other proportion of foreign 
gas, the quantity abforbed by water will be f, T V, &c. fliort 
of the maximugi. The proof of thefe propofitions would 
lead me into a rninutenefs of detail not fuited to the pr$feni 
occafion; I therefore haiten to communicate the refults of my 
lateft experiments. 


The 
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The report which I have already given of the quantity of On the corre 
carbonic acid gas abforbed under the ordinary preflfure of the ^ 
atmofphere I find no reafon to corredt, but of fulphurated hy- forbed* 
drogen gas I have effe&ed a larger abforption than the one 
before dated, and have repeatedly obferved its amount to«be 
106 or 108 by 100 meafures of water, at 60 a of Fahrenheit, 
which temperature is to be underflood in all the following ex* 
pertinents* 

Of feveral experiments on the abforption of nitrous oxide, 

I take the following as a fair example of the whole. 1 agitated 
at three feveral times, 1175 meafures of nitrous oxide, with 
1320 meafures of water; 1025 parts of gas difappeared, and 
the unabforbed remainder 150 contained 15 of foreign admix* 
tures. It follows that 100 parts of water had taken up 77.6 
of nitrous oxide; and after adding to thefe the diminution of 
abforption occaiioned by the impurity of the refidium, it may 
be inferred that 100 parts of water would abforb 86 of abfo- 
lutely pure nitrous oxide. 

With refpeft to the remaining gafes I have been prevented 
by urgent profeffional engagements, from examining the quan- 
tity of each abforbable under fimilar circum fiances, except in 
the infiances of oxygenous, azotic and hydrogenous gafes. 

The refults of thefe experiments are comprifed in the follow- 
ing table. The firft column (hows the quantity of gas which 
100 parts of water, at 6 0°, have actually abforbed ; the fe- 
cond the quantity which ought to be taken up, provided the 
refidue were in a ftate of abfolute purity. In the example of 
nitrous gas alone, the efiimated is lefs than the a&ual abforp- 
tion ; becaufe a fmall portion of this gas lofes its serial form, 
by union with the oxygenous gas from which water cannot be 
entirely freed. 

A table (hewing the quantity of each gas abforbed by 100 Table of abforp* 
meafures of water at 60°. tioM of ****** 

A&ual Abforption* Inferred Abforption* 


Nitrous gas - 

5* • 

* - 5. 

Oxygenous gas 

3.55 - 

- - 3.7 

Phofphuretted hydrogen gas 

2.14 - 


Gafeous oxide of carbon - 

2.01 - 

- 

Carburetted hydrogen gas 

1.40 - 

•> m 

Azotic gas - 

1.47 - 

• - 1.53 

Hydrogenous gas • 

1.53 • 

• • J.61 

Vo l. V*— August. 
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V. 


Of the State of Vapour fubfifting in the Atmosphere. By Richard 
Kir wan, Eso. LLQ. F. R. S. and P. R. I. A*. 

( Conducted from Page 215.) 

Mr. SAUSSURE, Hygrometer, p. 284., has giveh ns th« 
fpecific gravity, not indeed of pure! vapour, but of vapour dif- 
folvedin air, with more precifion, for he tel If us, 1 • That a cu- 
bic foot of perfectly dry air has its volume augmented by ** 
when faturated with ten grains of moifture at about 65® Fahr. of 
heat, and barometer 28,77 inches (Englifli). 

Specific gravity 2. That a cubic foot of pure or perfectly dry air of that deti- 
motft air! ^ an< * at l ^ at temperature weighs 751 grains (French), and 
after diflblving 10 grains of moifture, by which it is dilated 
this new volume weighs 751 -f" 10 = 761 grains ; but a cubic 
• foot of pure air augmented by an acceffion of t of its bulk of 
pure air would weigh 751 + ^ 751 =765 grains, that is 14- 
grains more. Hence he infers that in this cale the fpecific gra- 
vity of the diffolved moifture is to that of dry air as 10 to 14, 
for ^ of a cubic foot in the one cafe weighs 10 grains, and in 
the other 1 4 grains nearly. 

Sufpe&ed errors But I ftrongly fufpeft that the original experiment, on which 
in the original ca lcaIation is founded, is erroneous, chiefly by reafon of the 
experiment. ft ron g adherence of moifture to cold glafs, as will hereafter be 
feen in treating of dew. From Schmidt's experiments, it may 
be inferred, that the fpecific gravity of vapour diffolved in air 
at this temperature is much lower with refpeft to that of pure 
air than Sauflure has ftated, for he tells us that about 1066 
meafuresof dry air in temperature 65® would, if faturated with 
moifture at that temperature, occupy the fpace of about 1 100 
meafures, and confequently receive an augmentation amount* 
ing to about ^ of their bulk ; now, transferring this ratip to 
the cubic foot in Sauflure's experiment, it appears that ^ of a 
cubic foot' thus added to the cubic foot of dry air weighs JO 
grains ; but a cubic foot of dry air, augmented by an acceflion 
of ^ of fimilarair, would weigh 75 f -f* 23,46 grains, which 
approaclies nearly to 'Mr. Watt's ratio, therefore the fpecific 
gravity of vapour diflolved ih air at this temperature is to that 
of perfectly dry air as 10 to 23,5 nearly. It fliould however 
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be recollected (hat Mr. Sau(Tare found that a cubic foot of dry 
air in reality took up 11,059 grains of modure when faturated 
at this temperature, and that it was only by way of conceffion 
to thofe againft whom he argued, that he dated the weight 
taken up at 10 grains; then we fhould have of 11,069 to 
21,195, or in round numbers as 1 Ho 21 or 10 to 19. And it 
(hould farther be remarked, that the temperature is given very 
loofely, for it is dated to be from 14 to 15 or 16 degrees of 
Reaumur. See Hygrometer, p. 104 and 2S4. 

Sauffure has, given us a table, by the help of which the ab- Table of the 
folute quantity of vapour at any barometrical height, in a cubic ” ir °gf Va * 
foot of air being known, the proportion and abfolute quantity different den* 
in a cubic foot, at another barometrical height, 3,6 inches kut llke 

° temperature* 

lower, may be known from the mercurial height 28,77 to that 
of three inches and one-half, nearly. 

This table I here give, adapting it to our meafures. 

Thus fuppofing the abfolute quantity 
of diffolved vapour at any temperature, 
and barometer 28,77 to be 10 grains per 
cubic foot, then the quantity of vapour 
at a height at which a barometer would 
dand at 25,17 inches would be 10 X 
0,9528 = 9,528 and at the height at 
which a barometer would dand at feven 
inches, the quantity iji a cubic foot would 
be only 10 x ,6230 = 6,23. But dill 
it is fuppofed that at thofe great heights, at which barometers 
would dand fo low, that the air is of the fame temperature as 
the original experiment is made at, namely in this cafe, as it 
is found at barometer 28,77 inches ; but dnce in reality air at 
great heights is generally much colder than below, to alcertain 
the real proportion of vapour at thofe heights it will be necef- 
fary to find the quantity of vapour which a cubic foot of air is 
capable of holding at that temperature barometer 28,77, and 
the ratio which the quantity or weight of vapour adtually found 
bears to the complement at that temperature. Then, 2. to 
find the complement of a cubic foot of air at the temperature 
which prevails at the given barometrical height, and diminifh it 
in the fame ratio in which it was found diminifhed below, and 
finally diminifh it dill farther in the ratio which that barometri- 
cal height demands. An example will fully explain this rule* 

R 2 Thus 


Barometer 

Ratio. 

28,77 

1,0000 

25,17 

0,9528 

21,57 

0,8899 

17,97 

0,8264 

14,37 

0,7629 

10,77 

0,6887 

7.17 

0,6230 

3,57 

0,4311 | 
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»»corrt&ion for Thus Sauffure found, barometer 28,77 abd thermometer 82° 
different tem- 0 f Fahr. a cubic foot of air contained about 10 grains of moi- 
^ erato,lt, * fture at Geneva. Now the complement of 82° is nearly 15 
grains, and the ratio of 10 to 15 \s Then at Mount Blanc, 
on the fame hour, the barometer flood at 1 6° and the thermo- 
meter at26°,S ; the complement of a cubic foot , of air at this 
temperature is 5*3 grains, which diminifhed in the ratio of 2f 
to 3 becomes 3,5, and this, farther diminifhed by the ratio 
which the barometrical height of 16 inches demands, namely 
,7S sst 3,5 x ,78 =b 2,7 grains, by obfervation it was found to 
be 1,7 ; the difference is only one grain. Fay. aux Alpes, § 
2007. How the temperature which prevails at thofe great 
heights may be found, will be fhewn in the fequel. 

Soften of Lam- The celebrated Lambert, of Berlin, Mem. Berlin, 1772, 
bert refpe&ing ^has alfo given an eftimate of the proportion of vapour which 
vapoMiiTairof prevails in the atmofphere at different barometrical heights, 
different den- deduced from calculations founded on many fictions, fuch as 
that of an homogeneous atmofphere, of pure air diftinft from 
common air, and an erroneous fyftcm of the afeent of heat ; 
yet as it is much eafier in its application and in the infiance 
juft quoted, approaches very near the truth, I have calculated 
the refults of his fyftem, whiqji is nothing more than that the 
quantity of vapour at different barometrical heights above the 
earth is in the ratios of the fquares of thofe heights. By an 
homogeneous atmofphere it is probable he meant fuch a date of 
the atmofphere as prevails in ferene unclouded weather, and it 
is certainly only in fuch an atmofphere that any calculation can 
be inftituted. 


fitics. 


Table of the Ratios of the Quantities of Vapour at different barome - 
triced Heights , the Quantity of the Surface of the Earth being given. 


Barometer. 

Ratio of 
Vapour. 

Barometer. 

Ratio of 
Vapour. 

Barometer. 

Ratio of 
Vapour. 

30, 

900 

. 24, 

576 

12 

144 

29,5 

870 

23, 

529 

11 

12) 

29, 

841 

22 

484 

10 

100 

28,5 

812 

21 

441 

9 

81 

23, 

784 

20 

400 

8 

* 64 

27,5 

756 

19 

361 

7 

49 

27, 

729 

18 

324 

6 

36 

26,5 

702 

17 

289 

5 

25 

26, 

676 

16 

256 

4 

16 

25,5 

650 

15 

225 

3 

9 

25, 

625 

14 

196 

2 

4 

24,5 

600 

13 

169 

I 

1 


Thus 
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Thus in tl>6 example laft quoted, the quantity of vapour in 
* cubic foot at Geneva being 10 grains, barometer 28,77, the 
quantity on Mount Blatic, barometer 16, fhould be ,309, for 
as 327,7 (as"ito # i7*) is to 256 (^75*) fo is 10 to 0,309, 

Which differs from the truth by only 0,391 of a grain. 

As vapours unite to air, partly through the agency of heat. Separation of 
and partly through that of affinity and of electricity, fo they fe- Jy P change of*** 
parate from it, fometimes from a diminution of that degree of heat and of 
heat which they polfeffed in their nafcent ftate, fometimes from elc ^ ri city, 
a diminution of affinity, and fometimes from an alteration in 
their electrical flate. 

In their firft degree of coalefcence when feparated from air, Firft cotlefcencs 
they form aggregates of exceeding minute particles, feparated °J r ^oud»! ** 
from air by the diminution of affinity, and alfo from each other 
by eleCtrical atmofpheres ; tliefe aggregates are of equal, and 
often lower, fpecific gravity, than the air in which they are 
formed, and yet are vilible by reafon of their opacity ; when 
near the earth they are called foggs, mijls or haze, (which differ 
only in denfity) and when at greater heights, clouds . 

Vapours ifluing from water or moifture warmer than the air Statement of the 
to which they unite, are foon cooled by it and thence in great 
meafure difmiffed ; hence the morning mifts obferved in fum- fo rme a. 
merand the winter mifts of the colder regions ; evening mifts 
on the contrary proceed from the fuperfaturation of air with 
vapours previoufly diffolved, ariling from the fupervening de- 
creafed temperature. The inferior ft rata of the atmofphere 
are fcarce ever fu per fa tu rated by vapours ariling from water or 
moifture warmer than the air into which they afeend; for be- 
fore the point of faturation can be attained, their affinity to the 
portion of air to which they are united is weakened, and thence 
exceeded by the unincumbered affinity of the fuperior ft rat a, 
and this happens fucceflively on to the higher regions; but 
with diminillied aClivity, by reafon of the diminilhed denfity 
of the higher ftrata, until their ulterior progrefs is checked by 
faturation ; but as they are ftill continually recruited from be- 
low, their quantity is at laft fo far increafed that they coalefce 
into clouds. Here the procefs recommences, for from the fur- 
face of thefe clouds a frelh evaporation often takes place, which, 
after fome progrefs, is again checked in its turn, and clouds 
are formed at a fuperior height ; thefe again give room to a 
further evaporation, and a new ftage of clouds is forced, until 

the 



Clouds near 
mountain tops. 
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the procefs is at lafl arrefted by the intenfe cold of the fuperior 
regions. But the mere cold of congelation is not fufficient to 
arrefi it, for Bouguer informs us that clouds are formed 2500 
feet above the lower line of congelation, and that ice itfelf 
evaporates, though cooled, feveral degrees below the freezing 
point, is well known. The diftance of the particles, both of 
air and vapour, from each other, when fo far rarified as they 
mull be in the fuperior regions of theatmofphere prevents their 
coalefcence in any but the extreme degrees of cold. 

Cloud sin ftrata Hence we fee that in the warmer latitudes and feafons, va- 
utafoeach r i ous ft rata c j ouc j g ma y ] }e formed one . above the other $ 
Mufchenb&ook attefts, that even in Holland, in Auguft 1748, 
he diftinCIy difcerned three. Thefe diftinC ftrata, varioufly 
electrified and otherwife circum (lanced, give occafion to vari- 
ous phenomena, the detail of which would here be mifplaced. 
Clouds near The clouds which commonly crown the fummits even of low 
mountain tops mountains, and often announce rain, are caufed by the near 
approach to faturation, at thofe elevations, and its aCtual at- 
tainment through the evaporation from thofe fummits. But 
the fummits of the loftieft mountains ever crowned with fnow, 
are generally (hrouded in clouds from the cold they impart to 
the air in contact with them, and the lofs of eleCricity con- 
duced away from the vapours contained in that air, by the 
mountain, 

Heights at which The heights at which the lowed clouds are formed are va- 
fcJmed* 16 r * 0US * n var * ous latitudes and feafons ; greater in the warmer 
and fmaller in the colder. In latitude 54° in Cumberland, 
Mr. Crofthwaite obferved none lower than 2700 feet, and 
none higher than 3150 in the courfe of feveral years *, But 
this country being mountainous they are probably lower than 
in others under the fame parallel. Lambert, in Berlin, lati- 
tude &2 9 32', in the month of July 1773, found their height 
7792 feet, thermometer 65°, and the barometer fomewhat be- 
low, its mean height f. Schuckburg alfo remarks, that clouds 
frequently reft below the fummit of Sale ve, whofe height is 
2831 feet. Phil Tranf. 1777, p. 538, and Gentil at ^Pondi- 
cherry, latitude 12°, obferved fome at the height of 10240 
feet. 2 Voy. p. 79, 


clouds are 
formed. 


• ©'Alton’s Meteorological Obfervations, p. 41, 
t Mem. Berlin, 1773, p* 44, 
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The weight of cloudy Saufiure eftimates at one-third 03 Clouds weigh 
/>ne»fourth of that of the cubic foot of air in which they 
fift. Hygrometer, p. 270. When the barometer rifes, clouds fl oat in, 
are partly diffolved, as denfe air is a better folvent than rarer 
air, and partly rife higher in confequence of the increafed * 

fpecjfic gravity of the inferior air ; when the barometer falls 
the contrary takes place. 


VI. 


Experiments and Obfervations infupport of that Theory of Few- 
triloquifm uhich is founded on the Reflection of Sound . In a 
Letter from Mr. John Gou$h. 

To Mr. NICHOLSON. 


S I R, 

You have given a Aiort but comprehenGve view of my whether the 
theory of ven triloquifm, at page 202, of the fourth volume of phenomenon of 
your Journal; after which, ‘yo ( u obferve, that the 
difficulty of managing the echos of a room renders my ex- 
planation of the phenomenon doujbtful. In order to exapnpp 
the force Of this objection experimentally, I proceeded in the 
following manner: perhaps the infirunients which were ufed 
on the occaiion, may be deemed childith by many of your 
readers • but a genuine friend to phyfical inquiry looks for 
the event of an experiment, and does not regard the appear- 
mice of the apparatus, 

Exp. 1. I took tjie (hell of a <cocoa r nut, one end of£ xp . 1# xht 
which had been cutoff, Idas to make it an aperture, foiper^^of a watch 
thing more thq.ii two inches in diameter : alter lining this \yitb Sliefly^naie 
woollen cloth, I put a w atch into it, and furrounded the direction. Thla 
whole w ith a pillow in a planner, that left no part of the ^ 

in contact with the atmolphere, except the open end. WhepAefted by a me* 
things were tljus prepaied, the pillow was placed pppn my 
knees, paying the mouth of the nut turned from pie: I then its Uft dirc&on* 
lifieneefto the found of the yvatchj fitting in pp ere& pofture, 
and obferved it to be weak, but diftinlt as to direction : a 
circular metal tray f ope foot in diameter, was held up before 
my face, in the next place, and at the di Gance of two feet 
from it ; upon which, the clicking of the watch grew much 

Gronger, 




tneta lic rattle 
was fubftituted 
inftead of the 
watch} and 
other refle&ors 
tried: with 
JimiUr iefults. 


ftronger, ind proceeded from the tray. Thd certainty df the 
latter eircumftance was afcertained by changing the place of 
the reflector, fo as to make the found fall upon my right atld 
left ears alternately. 

Exp. a. A fmall Exp. 2. The rfefult of the laft experiment convinced me 
of the practicability of turning the echos of a room to the ufe 
of a ventriloquift, feeing I had employed thofe of my owri 
lap to a fimilar purpofe ; neverthelefs I defired to give an 
additional proof of the fame thing, by the afliftame of a 
ftronger found. With this view, I took a fmall metal rattle, 
belonging to a child’s toy ; it weighed 2$ grains, and con* 
lifted of two thin convex (hells of brafs, fomething left than 
one inch broad : a pellet was lodged in the cavity formed by 
the junction of thefe hollow plates ; the motion of which pro- 
duced a found, fuch as I wanted. This rattle being put into 
the fame-cocoa nut prepared as in the laft experiment, I gave 
a gentle motion to it by my finger, which was introduced at 
the aperture ; and I foon perceived, that the found might be 
transferred in this cafe alfo, from the (hell to the tray, but 
not with equal certainty : for frequently a (light change, given 
to the inclination of the reflector, rendered the place of the 
found evident, which was indiftinCt before ; and the contrary. 
The reafon of this uncertainty will be inveftigated hereafter ; 
and I may add at prefent, that a thin quarto as well as a fan 
were fubftituted with fuccefs, in lieu of the tray ; but bodies 
Of three or four inches in diameter, did not produce the effeCt. 
The preceding experiments have been related with an atten- 
tion to circumftances, which cannot fail of inftruCiing any 
one to repeat them accurately ; and a few trials will, without 
, doubt, convince him who will take the trouble, that the echos 
of a room are fubjeCt to external influence, as well as thofe of 
U valley. 

Obfemdosi <m We come in the next place to examine the peculiarities 
tfofa&a. The that gave rife to thefe counterfeit founds; that is the unufual 
w«| € ^e f topw- c ** €Uto ® a,nces m y experiments are to be reviewed, and 
taBinateover, their efte&s afcertained. The (hell was encompafled by a bad 
Ste^found^c* con ^ u ® or f° unc l on all (Wes, the mouth excepted ; it was 
from this aperture, then, that the pulfes entered the atmofphere 
with their wonted freedom. Now we know from experience, 
that confined found does not diverge from the place of its 
as it were from a centre : for (hould any one attend to 
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a noife doming from" an open window, he always finds it 
firongeft, in front of the pa(Tage ; founds therefore refemble 
die properties of a river entering a lake ; the current of 
which affedts its former direction, after it is freed from the re* 
iiraints of a channel. My ear was placed behind the ap- 
paratus, in relation to the (hell's mouth ; consequently it did 
not lay in the track of the diredt pulfes ; therefore the found, 
heard by me in the abfence of the refledtor, (hall be fuppofed 
at prefent to have coniilted wholly of lateral pulfes, reflected 
from the circumlerence of the aperture ; but when a greater 
mats of found was forced on the ear, from a different quar- 
ter, the weaker became imperceptible; w’hich is a thing, 
that happens invariably in fimilar cafes; this change in the 
direction of the prevailing pulfes neceflarily transferred the 
feat of the found from the (hell to the refledtor. But if the re- Th « fame effect 
fleeted lateral pulfes can be filenced in one cafe, by diverting fally produclblr. 
thofe of the centre towards the fame parts ; a like rule might 
be expedted to obtain in all cafes: becaufc the powers of re- 
flected (ounds may be fuppofed to have a fixed relation to thei r 
primitives; but the rule fails in a number of inftances; con- 
fequently my artificial ventriloquift poflefles another fource of 
found ; which is the next fubject of inquiry. 

Exp. 3. When I let the fmall rattle fall from the height of Ex P“ 3* l Tll * li 

. , , . , , n i rattle wa* Icr fall 

an inch, upon the cloth which lined the (hell the ftroke wasj n j fs confining 
heard in the nut; but the noife, occafioned by the rebounding receptacle. The 
cf the pellet, came from the refledtor; in this inftance then, ccptacl^g ave a** 
we have two founds, proceeding from different places, though d'»* found; 
they evidently iffued from the fame fpot ; and the caufe, 
give them oppofite directions, may be inveftigated in the reflex found t 
following manner. The ftroke of the rattle gave vibrations 
to the (hell, which were ftronger than thofe imparted by the 
pelet ; the former fet of vibrations could not be fupprefled by 
the pillow on account of their ftrenglh, they therefore pro. 
duetd a found, conjointly with the lateral pulfes, which proved 
an oxermatch for the echo of the refledtor ; while the feeble* 
force af the fecond fet was overpowered by the pulfes, reflect- 
ed from the tray. In reality the art of fupprefling the diredt The fecretof 
found appears to conftitute the fecret of ventriloquifin ; for to^uppeftThe* 
the more completely this found is fmothered, the eafler it is todiredt found, 
place he reflector properly : this appears to be the reafon, 
why tht experiment fucceeds with a watch more frequently 

than 
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fhan with the rattle 5 becaufe the impulfe of the formet is iefs 
than that of the latter. In fad, if the force of the founding 
body be augmented* while the power of the muffle remains 
unchanged, the reflector foon becomes ufeleis ; as I found by 
ufing a fmall bell, the found of which was difguifed with 
the grcateft difficulty in my rude apparatus $ and every pre^ 
caution, that could be taken made it a hard ta(k to place the 
reflector properly. The beft pofition of this .body is apparently 
that which brings the ear in the line, conftituting the path o 
the ftrongeft pulfes, after they are reflected ; which line and 
their courfe before reflection muft make equal angles at the 
reflecting furface, with a perpendicular to it; which muft alfo 
lay in the fame plane with them. I have now gone through 
the demonft ration of a proportion, which forms the founda- 
tion of my theory of ventnloquifm ; ftiould you think proper 
to repeat the preceding experiments, I only a(k the indulgence 
of a little patience on your part : treat them in other refpeCts 
with critical accuracy 5 it was my intention to fcrutinize your 
theory freely 5 but too much of the prefen t fheet is occupied 
already. 

JOHN GOUGH. 

Middlcjhaw, July 16, 1803. 

REPLY. W. N. 

I never meant to have exprefled a doubt as to the interefting 
faCls refpeCting found, which Mr. Gough has ftated and com- 
mented upon, in his paper at page 125 of our fecond volume; 
nor can it be difputed that many curious effeCts are produced 
by the reflection and tranfmiffion of found. I am very far frwn 
wifhing to advance any theory of an art concerning whim I 
have witneffed fo little ; and I take it for granted that the 
ingenious author, when he fpeaks of his theory and mine; in 
the laft paragraph of the preceding communication, doe# not 
mean to fupport the pofltion that the eflfeCts of what is tailed 
The ven trite- ventriloquifm are excluiively produced by reflection. The 

J u'ifm of Fit* narrative of Fitz James’s performance at page 202. «ol. 4. 
Jniuttion ^ 11 our J ourna ^ will al teaft prove that thecaufes whichlhave 
founds with ap-confidered rather as moral than ph)fical, muft beadmtted in 
an7n*t\e? 10n man y ca f e *» if not in all. Poffibiy there may be ventrloquifts 
fle&ion* who operate more by the reflection of found, than b’ the art 

of 
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examination of salt of bitumen. 

of imitation affifted by theatrical aCtion; as Fits James evidently 
does, to a fcattered audience, who cannot all, or even many 
of them, be fuppofed to be duly placed for receiving one and 
the fame echo: and upon a careful recollection of the pofitions, 

I am much inclined to think none of them were fo placed. 

The reflection of found by a fimple echo,-* its more complicated Many phene- 
echo from a curved furface, oi whifpering gallery, or fpeaking 
trumpet,— its yet unexplained tranfmi (Hon along a fmooth wall delufion $ but 
or the furface of water,— its tranfmiffion through or along the how tar ventri* 
ground, fo well known to militarymen, and to which the firing of °^ ul 
Dr. Moyfe*, the fpeaking apparatus of Ezekiel Walker f, and 
other fimilar effects, are referable. Thefe and other modes 
of operation, unknown to or unthought of by me, m3y 
furely be ufed in producing delufions and other ufeful or re- 
markable effeCls, and may conftitute part of the art of ven- 
triloquifm. 1 can only exprefs my opinion, that the art of the 
profeffor I have fpoken of wasexquiiite mimicry, and nothing 
more. 


VII. 

Examination of the fo called Salt of Bitumen , the Bit- Nobin of the 
Hindoos . By Frederick Accum, Practical Chemifi and 
Teacher of Chemifiry. From the Author • 

In the LV Number of Mr. Tilloch's Philofophical Maga- Account of 
zine, p. 20 6, we find fome obfervations concerning a laline 3*^ WiitetopWerf 
compound lately imported from India, under the name of Salt Magazine, 
of Bitumen or Bit-Nobin. From the experiments which the 
author of that paper (Mr. Henderfon), made in order to be- 
come acquainted with the nature of that fait, it appeared to fuppofed to be 
him to be chiefly compofed of common fait and fu I ph u ra t ed ^ 

hidrogen gas. But as the experiments of this gentleman do bidrogen. 
not appear to have been made with a view of affording an 
analyfis of this faline fubftance, 1 was called upon by fome 
medical pra&itioners of eminence to examine chemically the 
nature of this curious compound. I (hall therefore confine 
my felf merely to this examination, which was conducted in the 
following manner. 

* Phikf. Journal* + Ibid, 


Upon 
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Alcohol by di- Upon 4ft6 grains of the fait reduced to a fine powder, $ozs. 
geftion diff ivcd 0 f highly rectified alcohol were poured 5 the foikture was fre- 
* portion , quently agitated in a (lopped vial, daring tho ccnirfe of btih 
week, and the alcohol after wards feparated by ftllr&ttoft ; the 
fait which remained on the filtre was treated in a fimilar man- 
ner, with frefh quantities of alcohol repeatedly. The different 
portion of fpirit employed which were all colourlefs, had 00 
being mingled together a difagreeable odour and bitterifh tafte ; 
they were evaporated to drynefs. 

On leaving the product obtained in this manner unobferved 
to the air for fome weeks, it was found to have attra6ied moif- 
ture fo as to be feparated into two diftindt faline fubftances, 
namely, a yellowifh fluid, and a cry flail ine white fait. 

To afcertain the nature of thefe faline bodies, alcohol Was 
affuled upon it in order to feparate the liquid part from the cryf- 
tallized fait. The fluid which was taken up by the alcohol, I 


which afforded 
after evap. and 
deliques. a 
white fait and 
yell, with liquid. 

The yellow fluid 
being feparated 
by alcohol was 
diluted with 

alcohof dtiven a like quantity of water, heated the mixture to 

off. Carbonate of ebullition, and then dropt into it a folution of carbonate of foda. 
^V hre a l d0Wri ^ cloudinefs appeared and a precipitate was depofited, which 
* * after being waflied and dried was found to be carbonate of 

lime. The refiduary fluid from which this precipitate had 
been feparated yielded nothing but muriate of foda. 
hence the frit j learned from thefe experiments that the fait under exami- 


conta ns muriate 
of lime ; 


nation contained muriate of lime. 


the muriatic add To determine the quantity of it contained in the above por- 
a precip h w*th * iiQn * judged it neeefiary to afcertain the quantity of one 

Mutionoffilver, of its conftituent parts ; for the competition of this fait being 
S*which the fiht known, the rea ^ q uant fty °f the compound might be thence 
quantity of mu- found. The artificial muriate of foda produced before was 
5«crm^ned C *** therefore diflolved in water, and its folution decompofed by 
the addition of nitrate of diver : the muriate of diver produced 
when perfedlly dried, weighed 40 grains, which indicate nine 
grains of muriatic acid, anfweriug to 12 grains of muriate of 
lime. This therefore was the true quantity of muriate of lime 
contained ;m the above quantity of fait. 

The (“olid fait Uponl&fiilt which had been repeatedly extradled by alco- 
hol was^iffofved hoi, Vilified water was poured in order to diffolve it. On 
in Water. It (haking the mixture, (he whole acquired inflanlly a dark olive 
Slphoratwl 0 ht S reen c°l° ur » the peculiar odour of fulphurated hidrogen gas 
drogen, became was evolved and a black pulverulent precipitate became did* 
8£ en » and L1 . . . . * fufed 

afforded a black 
precipitate* 
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Aifed through the folution. To collect this precipitate the fo- 
lution was filtred as expeditioufty as pofiible ; the precipitate 
walhed and dried weighed fix grains. 

This precipitate to which the cau(e of the green colour of this was iron, 
the folution was owing, after having been (lowly dried, on ex* 
pofure to air, had the appearance of a dark brown powder* 

It was foluble in muriatic, fulphuric and nitric acids. Tin&ure 
of galls and prufiiate of potafti proved it to be an oxide of iron. 

In order to be pofitive in this refpedt, a like quantity of the 
fame precipitate obtained in a firailar manner, was diftolved 
in fulphuric acid, and the folution again decomposed by car- 
bonate of foda. The carbonate of iron was re-diffolved in di- 
lute nitric acid, and repeatedly boiled to drynefs in that fluid, 
till it became completely infoluble, and acquired all the pro- 
perties of red oxide of iron. 

The faline folution from which this oxide had been feparated. The fluid con- 
had a ftrong odour of fulphurated hidrogen gas. Its tafte 
greatly refembled Harrowgate water. Mercury agitated in con- 
tact with it loft its brilliancy, and became covered with a black 
pellicle. Arfeniousacid immerfed into it became yellow ; leaf 
filver tarniftied inftantly ; nitrous acid, holding much nitrous gas 
in folution, occafioned a white precipitate ; nitrate of filver, 
acetite of lead, nitrate of bifmuth, occafioned black precipi- 
tates ; muriate of barytes rendered it milky, and a precipitate 
was depofited which was infoluble in muriatic acid ; prufiiate 
of potato and tin&ure of galls had no efFeCt upon it. All thefe 
experiments (the latter three excepted) fufficiently evinced the 
prefence of fulphurated hidrogen gas. 

In order to afcertain the contents of the water it was eva-The faline por- 
porated to drynefs : the fait obtained after having been exa- of fod^witb ***** 
mined in the ufual manner, confided entirely of muriate of fmall portion of 
foda, contaminated with a fmal I quantity of fulphuric acid ; f “lphuric acM. 
its weight amounted to 444 grains. To afcertain the quantity The quantity of 
of fulphuric acid, the fait was rediflolved in water, and mu- this laft add was 
riate of barytes was added till no further precipitate enfued. precipitate by 
The fulphate of barytes produced when dry, weighed 51f muriate of fa- 
grains, which are equivalent to 14? grains of fulphur. Itis^ 8# s f # 
perhaps needlefs to remark that, the fulphuric acid thus found ac j d W U 5 P no t 
did not previoufly exift in the fait : its production was evidently originally fu ch,^ 
owing io the decompofition of the produced fulphurated hi- frotTfulphur^ 
drogen gas, for no veftige of fitch acid could be dete&ed by 
any other agent, or under other circumfiances. 

Sulphur 
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which ex Wled Sulphur was therefore the compound which mu ft have beeri 
boain*?hcSc 0 ^P r *^ ep ^ anc * ^ we are permitted to reafon from the phenO* 
mens which refult from the adlion of water upon thiscompound, 
it becomes obvious that the fulphur is joined to the iron,dete6ted 
before, in the form of a fulphuret of iron* Hence it becomes 
evident that while the fait continues in a,dry Hate* the equili* 
brium of the affinities of its conHituent parts remains unaltered; 
The equilibrium but the moment we bring this compound in contadl with water, 
broken by the a new arran g e ment of principles takes place ; the water is de~ 
addition of water* compofed, the oxide of iron is reduced to a (late of minimum 
of .oxidation, and appears under the form of a black powder 
diffufed through the fluid, fulphuric acid is formed by the de- 
compofition of the fulphurated hidrogen gas, and thus a fet 
of bodies appears which did not previoufly exifl in the (late 
wherein they prefent themfelves to our view. 


Component parts 
of bit- nobin 
about x iron ; 

3 fulphur; z\ 
muriate of time ; 
9 * J common 

Salt. 

It is evident therefore that 480 grains of this fait yielded by 
this analyfis. 

Black oxide of iron - 6 grains* 

Sulphur - - - - - 14 

Muriate of lime - - - - 12 

Muriate of foda 

- 444 



476 


Lofs * 

4 


480 


How to deter- I have taken no notice in this analyfis of the quantity of 
mine the fuiphu- fulphurated hidrogen gas evolved during the folution of a given 
5 ttquir«4.* Cn quality °f fait in a limited quantity of water, this being foreign 
to my fubjedt. I merely remark that, if this is wanted to beaA 
certained, it may eafi ly be found by introducing it into a glafs 
tube clofed at the top, and furnifhed at the other extremity 
with a Hopper, a weighed quantity of fait, and then adding 
to it a meafured quantity of water, taking care to fill the tube 
with this fluid no higher than about Having done this let 
the tube be flopped, and agitate it till all the fait is difTolvedj 
or at leafl till no more gas is extricated. Then let the tube be 
immerfed into warm water, and let it Hand undiflurbed : re* 
move the Hopper carefully fo as tp get rid of the depofited 
oxide of iron, and introduce into the faline folution tube, ni- 
trous gas, in fmall quantities, till no further diminution of the 
gas in the upper part of the tube takes place, or till no more 

red 
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fed vapours Are produced by A new Addition of a finall quan- 
tity of the gas. The faline folution will now be turbid : leave 
It therefore undifturbed, and a precipitate will be depofited, 
which is fulphur, from the quantity of fulphur fo produced we 
ihay learn the quantity of fulphurated hidrogen gas which was 
contained in the folution, for one grain of it when perfectly 
dry, are equivalent to 3.33 cubic inches of fulphurated hidro- 
gen gas. 

Old Compton Street , Soho , 

July 20, 1803. 
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Experiments on the Invifible Rays of the Solar Spc&rum. By M. 
Ritter, of Jena*. Communicated by M. Vicktred, 
Doctor in the Univerfity of Copenhagen, to the Editors of the 
Bulletin des Sciences at Baris, No. 73. 


These enquiries form a fequel to the experiments by which Ritter’s expert. 

Herfchell difcovered the exigence of invifible calorific rays on l,m ~ 

j tioic rays. 

beyond the limits of the folar fpectrum. The experiments of 
M, Ritter prcfent a very fimple method of proving the exig- 
ence of thefe rays by the exhibition of a very curious property 
which he fays is peculiar to them. 

He placed muriate of filver without the folar fpe&rum and The rays in the 
next to the violet rays. This oxide became blackened in a y-^let'reduce 1 * 
fhort time, it became flili deeper in the violet rays, dill more blacken the 
in the blue, and fo on. muriate of filver^ 

On the contrary, placing muriate of filver a little blackened thofe near the 
next to the red rays, and without the fpe&rum it quickly be- white® i^di? 
came white, that is to fay, it was difoxigenated. oxtde it. 

According to M. Ritter, thefe experiments may be per- CombufHon and 
formed very well with phofphorus : by letting fall on it the in- 
vifible ray neared to the red, it indantly emits white vapours ; the fem e meant, 
but the invifible rays neared the violet are thrown on the fame 
phofphorus, it indantly becomes extinguifhed. 

From thefe faftv M. Ritter con. ludes, that there exids with* 
out the % fpe&rum, and at its two extremities, invifible rays 
which poifcfs the property of affiding oxigenation and difoxi- 
genation. 

• From the Bulletin des Sciences, Germinal, An. XL 

The 
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Negative gain- Th£ feme philofopher has alfo obferved a Angular coin?* 
fettforiMofted • c ^ ence between thefe effefis and thofe of galvanifra. Ha 
po&tive of blue! finds that when the eye is placed in contact with the negative 
conductor of the pile, it fees every objedt red, but if placed 
againft the pofitive condudtor it fees them blue : whenoe there 
appears to refult an analogy between the adtion of the negative 
eledlricity and that of the red lights and of the pofitive and 
the violet light. 


Seguin’s difeo- 
very of the tan- 
ning matter } 


extended by 
Prouft j 


purfuad by the 
author at the 
defire of tht 
Royal Inftitu- 


IX. 

An Account qf Jbme Experiments and Obfervations on the Confii* 
tuent Parts of certain AJlringent Vegetables ; and on their Ope * 
ration in Tanning . Bp Humphry Davy, Efq. Pro* 
fcjfor qf Ckemiftry in the Royal lnftitution *. 

The difeovery made by M. Seguin, of a peculiar vege- 
- table matter which iseflential to the tanning of (kin, and which 
is pofleffed of the property of precipitating gelatine from its 
folulions, has added confiderably to our knowledge of the con* 
ftituent parts of aftringent vegetables. 

Mr. Prouft has inveftigated many of the properties of 
this fubftapee; but, though his labours, and thofe of other 
chemifis, have led to various interefting obfervations, yet they 
are far from having exhaufted the fubjedt. The affinities of 
tannip have been hitherto very little examined ; and the man* 
ner in which its adtion upon animal matters is modified by 
combination with other fubftances, has been fcarcely at all 
ftu died. 

At the defire of the Managers of the Royal lnftitution, I 
began, in September 1801, a feries of experiments on the fub- 
(lances employed in the procefs of tanning, and on the chemi- 
cal agencies concerned in it, Thefe experiments have occu- 
pied, ever fince, a confiderable portion of my leifure hours ; 
and I now prefume to lay bcfQre the Royal Society an account 
of their general refults. My chief defign was, to attempt t$ 
elucidate the pradtical part of the art ; but in purfuing it, I 
w^s necetfarily led to general chemical inquiries concerning 
the analyfis of the different vegetable fubftances containing 
tannin, and their peculiar properties. 

♦ From the Philofophical Tranfa&ions, 1803. 

3 I. OB3ER- 
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t OBSERVATIONS ON THE ANALYSTS OP ASTRINGENT 
VEGETABLE INFUSIONS. 

The fubftances that have been fuppofed to exift mod gene- Aftringent# con- 
rally in kftringent infufions are, tannin, gallic acid, and ex- 
tractive matter. extractive. 

The prefence of tannin in an infufidn, is denoted by the Tannin fliewn 
precipitate it forms with the folution of glue, or of ifinglafs. acid 8 ,* and ex- C 
And, when this principle is wholly feparated, if the remain- tract, by falts 
ing liquor gives a dark colour with the oxygenated falts of iron, aiu^a^mu-^ 
and an immediate precipitate with the folutions of alum and ofriate of tin. 
muriate of tin, it is believed to contain gallic acid, and extrac- 
tive matter. 

The experiments of MM. Fourcroy, Vauquelin, and Se- Adringent folu- 
guin, have fhown that many adringent folutions undergo a apt ** 

change by expofure to the atmofphere ; an infoluble matter 
being precipitated from them. A precipitation is likewife oc- 
cafioned in them by the adtion of heat ; and thefe circum- 
dances render it extremely difficult to alcertain, with any de- 
gree of precifion, the quantities of their condituent parts, as 
they exid in the primitive combination. 

After trying feveral experiments on different methods of af- 
certaining the quantity of tannin in adringent infufions, I was 
induced to employ the common procefi? of precipitation by 
gelatine, as being the mod accurate. 

This procefs, however, requires many precautions. The Precip. of tannin 
tanning principle in different vegetables, as will be feen here- 
after, demands for its faturation different proportions of gela- ferent vege- 
tine; and the quantity of the precipitate obtained by filtration, uWes > 
is not always exadtly proportional to the quantities of tannin (b) and by the 
and gelatine in folutions, but is influenced by the degree of concentr ? t,on °f 
their concentration. Thus, I found that 10 grains of dry ifin- ^ foIutioDS * 
glafs, diffolved in two ounces of diddled water, gave, with 
folution of galls in excefs, a precipitate weighing, when dry, 

17 grains ; whild the fame quantity, diffolved in fix ounces of 
water, produced, all other circumdances being fimilar, not 
quite 15 grains. With more diluted folutions, the lofs was 
dill greater; and analogous effects took place, when equal 
portions of the fame folution of ifinglafs wereafted on by equal 
portion^ of the fame infufion of galls diluted in different de- 

Vol. V, — August. S gree^ 
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grees with water ; the leaft quantity of precipitate being at U 
ways produced by the leaft concentrated liquor. In all cafes/ 
when the weak folutions were ufed, it was obferved, that the 
relidual fluid, though pafled two or three times through the 
flltre, ffill remained more or lefs turbid and opaque ; Jo that it 
is moft likely that the deficiency arofe from the continued fuf- 
penfion of fome of the minutely divided folid matter in the 
liquid mafs. 

The folutions of The folutions of gelatine, for the purpofes of analyfis, fliould 
quite ^Vg^and^ em pl°,y e d only when quite frefli, and in as high a ftate of 
very ftrongj faturation as is compatible with their perfect fluidity. 1 have 
obferved, that in cafes when they approach towards the ftate 
orf jelly, their power of afting upon tannin is materially altered, 
and they produce only a very flight precipitation. As the 
degree 6f fluidity of folutions of gelatine is influenced by their 
temperature, I have found it expedient, in all comparative ex- 
periments, to bring them and the aftringent infufionson which 
they are defigned to aft, as nearly as poffible to a common 
.it the tempera- degree of heat. My ftandard temperature has been between 
ture 6o°. (iO aT1( | jq<j Fahrenheit; and the folutions of gelatine that I 
have ufed, were made by diflblving 120 grains of ifinglafs in 
20 ounces of water. 

It' an cxcefs of In afcertaining the proportions of tannin in aftringent infu- 
fame of thc ddwi ^ ons » great care mult be taken to prevent the prefence of any 
tannin will be exccfs of gelatine ; for, when this excefs exifts, I have found 
teditiMvfd. that a f ma || portion of the folid compound formed is rediflolved, 
and the refulis of the experiment otherwife affefted. It is not 
difficult to difeover the precife point of faturation, if the folu- 
tion of iiinglofs be added only in fmall quantities at a time, and 
if portions of the clear liquor be paired through a filtre at dif- 
ferent periods of the procefs. The properties of thefe portions 
will indicate the quantities of the folution of gelatine required 
for the completion of the experiment. 

The comparisons That the competition of any precipitate containing tannin 
of prcopiair ,M an< ^ g e ^ a ^ ne ' may be known with a tolerable degree of preci- 
and pi capitate fion, it is necefiary that the ifinglafs employed in the folution, 
and the new compound formed, be brought as nearly as poffi- 
blc* to the fame degree of drynefs. for this purpofe, I have 
generally expofed them, for an equal time, upon the lower 
plate of a fand»bath', which was feldom heated to more than 

i So 9 
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150°: I’his method I have found much better than that of 
dicing at the temperatures of the atmofphere, as the different 
dates of the air, with regard to moiflure, materially influence 
the refults. 

Mr. Hatchett has noticed* in his excellent Paper on Zoo- Ifinglaft is ge!a* 
phytes, &c.* that ifinglafs is almoft wholly compofed of g e . tmc purcj 
latine* I have found* that 100 grains of good and dry ifin- 
glafs contain rather more than 98 grains of matter foluble in 
water. So that, when the quantity of ifinglafs, in any folu- 
tion employed for ailing upon aftringent infufion* is compared 
with the quantity of the precipitate obtained* the difference 
between them will indicate the proportion of tannin* as it exifts 
in the combination. 

After the tannin has been feparated from an aftringent in- After preriH- 
fufion* for the purpofe of afcertaining its other component 
parts, I have been accuftomed to evaporate the refidual liquor ^tly evapo- * 
very flowly, at a temperature below 200°. f In this procefs, rated, and the 
if it contains extractive matter, that fubftance is in part ren- foiibleextrS 
dered infolublc, fo as to fall to the bottom of the veffel. When taken up by 
the fluid is reduced to a thick confidence, I pour alcohol upon fplrlU 
it. If any gallic acid or foluble extractive matter be prefent, 
they will be diffolved, after a little agitation* in the alcohol ; 
whilft the mucilage* if any exift, will remain unaltered, and 
may be feparated from the infoluble extract, by lixiviation with 
water. 

I have made many experiments, with the hope of difeover- it i« difficult to 
ing a method by which the refpeCtive quantities of gallic acid afcwrtam the 
and extractive matter, when they exift in folution in the alco* gallic acid and 
hoi, may be ascertained; but without obtaining fuccefs in the e3Ura ** hi the 
refults. It is impoflible to render the whole of any quantity 0 * 
of extractive matter infoluble by expofure to heat and air, 
without at the fame time decomposing a portion of the gallic 

* Phil. Tranf. for 1800, page 327. 

+ M. Deyeux has fhewn, (Annales de Cbimie . Tome XVII. page 
36,) that in the procefs of evaporating folutions of galls, no gallic 
acid is carried over by the water, at a temperature below that of 
ebullition. Many aftringent infufions, however, lofe a portion of 
their aromatic principle, even in cafes when they are not made to 
boil ; but this fubftance, though evident to the fmell, in the water 
that comes over, cannot be dete&ed by chemical reagents. 

S 2 acid. 
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acid. That acid cannot be fublimed, without being in part 
deftroyed ; and, at the temperature of its fublimation, extrae* 
tive matter is wholly converted into new produds. 

Ether takes the Ether diflblves gallic acid; but it has comparatively little 
temlbachas a ®‘ on u P on ©xtrafitive matter. I have been able, in examining 
Ittle effect as tofelutions of galls, to feparate a portion of gallic acid by means 
perfect fepara- of ether. But, when the extradive matter is in large quanti- 
ties, this method does not fucceed, as, in confequence of that 
affinity which is conneded with rnafs,*, the greateft part of 
the acid continues to adhere to the extrad. 

Alumine attrafb Alumine has a ftrong attradion for extradive matter ; but 
not^arateft 0 * 8 com P arat * ve ty a wea ^ one ^° r gallic acid f. When carbonate 
perfectly from of alumine is boiled for fome time with a folution containing 
gallic acid* extradive matter, the extradive matter is wholly taken up by 
the earth, with which it forms an infoluble compound ; but, 
into this compound, fome of the gallic acid appears like wife 
to enter ; and the portion remaining diffoived in the folution 
is always combined with alumine. 

This problem I have not, in any inftance, been able to feparate gallic acid 
foWuT C pcrftft,y a °d extradive matter perfedly from each other; but I have 
generally endeavoured to form fome judgment concerning their 
* relative proportions, by means of the adion of the falts of alu- 
Approximation. mine, and the oxygenated falts of iron. Muriate of alumine 
precipitates much of the extradive matter from folutions, with- 
out ading materially upon gallic acid ; and, after this precipi- 
tation, fome idea may be formed concerning the quantity of 
the gallic acid, by the colour it gives with the oxygenated ful* 
phate of iron. In this procefs, however, great care mud be 
taken not to add the folution of the fulphale of iron in cxccfs ; 
for, in this cafe, the black precipitate formed with the gallic 
acid will be rediflolved, and a clear olive-coloured fluid only 
will be obtained. 

The faline parts The faline matters in aftringent infufions, adhere fo flrongly 
infufioiware t0 ***© ve 8 eta ^ e principles, that it is impoffible to afeertain their 
alfo fcarcely to nature with any degree of accuracy, by means of common re* 

be feparated. 

. * See Berthollet, Kecberchts fur les Lou VAffinitf. MSm . dq 
Vlnfiltut National* Tome III. p. 5. 

t Fiedler, Journal de Chimit , par J, B. Van-mons, Tome I. 
page 8 ^ 


agents. 
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agents. By incineration of the produdts obtained from tbt 
evaporation of aftringent infufions, I have ufoally procured car- 
bonate of lime and carbonate of potato. 

In the different analyfes, as will be feen from the refults The praftM 
given in the following fedtions, J have attended chiefly to the precipitation 
proportions of the tanning principle, and of the principles pre- with gelatine anf 
cipitable by the falts of iron, as being moft conneQed with °* 

practical applications. 

With regard to the knowledge of the nature of the different 
fubftances, as they exift in the primitive aftringent infufion, 
we can gain, by our artificial methods of examination, only 
very imperfedt approximations. In adting upon them by re- Though ftri& 
agents, we probably, in many cafes alter their nature; and yery^ifficutt^ 
very few of them only can be obtained in an uncombinecf ftate. yet the experi- 
The comparifon, however, of the produdts of different expe- 
riments with each other, is always connected with fome ufeful ijoa s. 
concluflons ; and the accumulation of fadts with regard to the 
fubjedt, muft finally tend to elucidate this obfeure but moft 
interefting part of chemiftry. 


II. EXPERIMENTS ON THE INFUSIONS OF Q ILLS. 


I have been very much affifted in my inquiries concerning * 

the properties of the infufions of galls, by the able Memoir of 
M. Deyeux, on galls.* 

The ftrongeft infufion of galls that I could obtain, at 56 ° Cold Infufion 
Fahrenheit, by repeatedly pouring diftilled water upon the 
beft Aleppo galls broken into fmall pieces, and fuffering it to grains of folid 
remain in contadt with them till the faturation was complete, ^nineparti 
was of the fpecific gravity 1 .068. Four hundred grains of it tannin and on* 
produced, by evaporation at a temperature below 200°, fifty- 8 a,hcac,d * 
three grains of fold matter; which, as well as I could eftimate, 
by the methods of analyfis that have been juft deferibed, con- 
fifted of about i% of tannin, or matter precipitable by gelatine, 
and of gallic acid, united to a minute portion of extradtive 


of 


matter. 

100 grains of the folid matter qbtyined from the infufion, The infufion 
left, after incineration, nearly grains of atoes; which were 

chiefly calcareous matter, mixed with a fmall portion of fixed left by incinera- 
tion a lope I -20th 

* Innalts it Cbimit, Tom* XVII. page 1. . ou,*with fam 

alkali. 
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and fome 
extra#. 


alkali. The infufion ftrongly reddened paper tinged with 
litmus. Ii was femitranfparent, and of a yellowifh-brown co- 
lour. Its tafte was highly aftringent. 

Sulph. acid pre- When fulphuric acid was poured into the infufion, a denfe 
non?*** ^ whitiflv precipitate was produced ; and this effect was conftant, 
whatever quantity of the acid was ufed. The refidtfal liquor, 
when paflfed through the filire, was found of a (hade of colour 
deeper than before. It precipitated gelatine, and gave a dark 
colour with the oxygenated fulphate of iron. 

This precip. The folid matter remaining on the (litre, (lightly reddened 

feemed to be the vegetable blues; and, when diflolved in warm water, copioufly 
acid with tannin ° . . , ' \ _ i. 

and gallic acid precipitated the folutions of ifinglafs. M. rrouft,* * who tint 

paid attention to its properties, fuppofes that it is a compound 
of the acid with tannin : but I fufpeft that it alfo contains 
gallic acid, and probably a fmall portion of extractive matter. 
This lad fubftance, as is well known, is thrown down from its 
folutions by fulphuric acid ; and I found, in diddling the pre- 
cipitate from galls by fulphuric acid, at a heat above 212°, that 
a fluid came over, of a light yellow colour, which was ren- 
dered black by oxygenated fulphate of iron ; but which was 
not altered by gelatine. 

Muriatic acid Muriatic acid produced, in the infufion, effefts analogous to 
threw down p ro£ j UC ed by fulphuric acid ; and two compounds of the 

and* acid, and a acid and the vegetable fubflances were formed : the one united 
^ m,l a r ^com. t 0 exce fs of acid, which remained in folution ; the other con- 
<xcefs of acid taining a confiderable quantity of tannin, which was precipi- 
tated in the folid form. 

When concentrated nitric acid was made to ad upon the 
infufion, it was rendered turbid ; but the folid matter formed 


continued dif- 
folved. 

Nitric acid 
deftroyed both 


principles and was immediately diflolved with effervefcence, and the liquor 

formed a kind of . , , r , ^ . . 


formed 

extr«&. 


then became clear, and of an orange colour. On examining 
it, it was found that both the tannin and the gallic acid were 
deftroyed ; for it gave no precipitate, either with gelatine or 
the falls of iron, even after the refidual nitric acid was fatu- 
rated by an alkali. By evaporation of a portion of the fluid, 
a foft fubftance was obtained, of a yellowifli-brown colour, 
and of a (lightly fourifh tafte. It was foluble in water, and 
precipitated the nitro-rauriate of tin, and the nitrate. q&idti- 

* The faft of the precipitation of folution of galls by acids, was 

noticed by M. Diz£. Ste Annaks de Cbimie , Tome X&XV. p. 37. 

mine ; 
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mine ; fo tliat its properties approached to thofe of extraftive 
matter ; and it probably contained oxalic acid, as it rendered 
turbid a folution of muriate of lime. 

When a very weak folution of nitric acid was mixed with Weak nitric acid 
the infufion, a permanent precipitate was formed, and the re- 
fidual liquor, examined by the folution' of gelatine, was found* * 
to contain tannin. ' 

A folution of pure potath was poured into a portion of the Pure potato 
infufion. At firfl, a faint turbid appearance was perceived ; ^ave 
but, by agitation, the fluid became clear, and its colour changed the tannin, * 
from yellow brown to brown red ; and this laft tint was moil w hlch did not 
vivid on the furface, where the folution was expofed to thcby^utine^ill 
atmofphere. The folution of ifinglafs did not aft upon the aft had taken 

infufion modified by the alkali, till an acid was added in excefs, thc alkdlU 
when a copious precipitation was occafioned. 

The compound of potafli and folutiqn of galls, when eva- The alkaline 
porated, appeared in the form of an olive-coioured mafs, which ^™P^ und fe P a “ 
had a faint alkaline tafle, and which (lowly deliquefeed when ration/ CVap ° 
pxpoled to the air. 

Soda afted upon the infufion in the fame manner as potafli ; Soda aged like 
and a fluid was formed, of a red-brown colour, which gave no P ota ^* 
precipitate to gelatine. 

Solution of ammonia produced the fame colour as potafli and Ammonia, 
foda, and formed fo perfeft an union with the tannin of the 
infufjon, that it was not afted upon by gelatine. When the 
compound liquor was expofed to the heat of boiling water, a 
part of the ammonia flaw off, and another part reafted upon 
the infufion, fo as to eff’eft a material change in its properties. 

A confiderable quantity of infoluble matter was formed ; and 
the remaining liquor contained little tannin and gallic acid, but 
a confiderable portion of a fubftance that precipitated muriate 
of tin, and the falts of alumine. 

When the experiment on the ebullition of the compound of 
the infufion and ammonia was made in clofe veffels, the liquor 
that came over was ftrongly impregnated with ammonia; 
its colour was light yellow, and, when faturated with an acid, 
it was very little altered hy the falts of iron. The refidual 
fluid, after the procefs hqd been continued for fome time, as 
in the other cafe, precipitated gelatine (lightly, but the (alts 
of alumine copioufly; and it gqve a tinge of red to litmus 


When 
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Lime, ftrontii, When folution of lime, of ftrontia, or of barytes, was poured 
ca^fs^threw * n cxc efs into a portion of the infufion, a copious olive-coloured 
down nearly the precipitate was formed, and the folution became almoft clear, 
whole conteinu. an( j 0 f a re< jdi(h tint. In this cafe, the tannin, the gallic acid, 
and the extractive matter, feemed to be almoft wholly carried 
down in the precipitates ; as the refidual fluids, when faturated 
by an acid, gave ho precipitate to gelatine, and only a very 
flight tint of purple to oxygenated fulphate of iron. 

Eflfeft of (mailer When the folutions of the alkaline earths were ufed only In 
4ofes« fmall q aan tities, the infufion being in excefs, a fmaller quantity 

of precipitate was formed, and the refidual liquor was of an 
olive-green colour ; the tint being darkeft in the experiment 
with the barytes, and lighted in that with the lime. This fluid, 
when examined, was found to hold in folution a compound of 
gallic acid and alkaline earth. It became turbid when aCled 
on by a little fulphuric acid ; and, after being filtrated, gave a 
-> black colour with the folutions of iron, but was not adted upon 

by gelatine. 

Sffe&oflime When a large proportion of lime was heated for fome time 
^p articularly wilh the j„f u fi on| 

it combined with all its conftituent principles, 
and gave, by wafliing, a fluid which had the tafte of lime-water, 
and which held in folution only a very fmall quantity of ve- 
getable matter. Its colour was pale yellow ; and, when fatu- 
rated with muriatic acid, it did not precipitate gelatine, and 
gave only a flight purple tinge to the folutions of the falts of 
iron. The lime in combination with the folid matter of the 
infufion, was of a fawn colour. It became green at its furface, 
where it was expofed to the air; and, when wafhed with large 
quantities of water, it continued to give, even to the laft por- 
tions, a pale yellow tinge. 

•lfo of magnefia. Magnefia was boiled in one portion of the infufion for a few 
hours; and mixed in excefs with another portion, which was 
fuffered to remain cold. In both cafes, a deep green fluid was 
obtained, which precipitated the falts of iron, but not the folu- 
tions of gelatine ; and the magnefia had aequired a grayifh-. 
green tint. Water poured upon it became green, and acquired 
the properties of the fluid at firft obtained. After long wafiiing, 
the colour of the magnefia changed to dirty yellow ; and the 
laft portions of water made to adt upon it were pale yellow, and 
altered very little the folutions of iron. 

3 
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When the magnefia wasdiflblved in muriatic acid, abrownith Muriatic {bln* 
and turbid fluid was obtained, which precipitated gelatine and d°|j ofma &- 
the oxygenated falts of iron. So that there is every reafon to nC ** 
believe, that the earth, in a&ing on the aftringent infufion, had 
formed two combinations ; one containing chiefly gallic acid, 
which was eafily foluble in water ; the other containing chiefly 
tannin, which was very difficultly foluble. 

Alumine boiled with the infufion became yellowifh-gray, Alumine. 
and gave a clear white fluid, which produced only a tinge of 
light purple in the folutions of iron. When the earth * was 
employed in very fmali quantity, however, it formed an info- 
Iuble compound only with the tannin and the extract ; and the 
refidual liquor was found to contain a gallate of alumine with 
excefs of acid. 

The oxides of tin and of zinc, obtained by nitric acid, were Effed of the 
boiled with feparate portions of the infufion for two hours. In °i cldcs tin ind 
Dotn cates, a clear fluid, which appeared to be pure water, was fufion. They 
obtained ; and the oxides gained a tint of dull yellow. A part ****• 

of each of them was diflolved in muriatic acid. The folution and a muriatic 
obtained was yellow : it copioufly precipitated gelatine ; and folution of the 
gave a denfe black with the falts of iron. Mr. Proufi f, who dpitated^itine 
firft obferved the action of oxide of tin upon aftringent infu- and § ave a black 
lions, fuppofes that portions of tannin and gallic acid are w,tl * lron ‘ 
decompofcd in the procefs, or converted, by the oxigen of 
the oxide, into new fubftances. Thefe experiments do not, 
however, appear to confirm the fuppofition. 

M. Deyeux obferved, 4hat a copious precipitation was The precipitate 
occafioned in infufion of galls, by folutions of the alkalis 
combined with carbonic acid. Mr. Prouft has fuppofed that pure tannin as 
the folid matter formed is pure tannin, feparated from its fo- fuppofes 5 
lution by the ftfonger affinity of the alkali for water; and he 
recommends the procefs, as a method of obtaining tannin. 

In examining the precipitate obtained by carbonate of potafb for it is not af- 
fully combined with carbonic acid, and ufed to faturation, I tni J 1 g S n 1 t, 1 , no r 
have not been able to recognize in it the properties which are cold water or 
ufually aferibed to tannin : it is not poflefled of the aftringent a £°l M>, > nor , 
tafte 5 and it is but flightly foluble in cold w’ater, or in alcohol, nor uns^nsT* 

* Mr. Fiedler, I believe, fird obferved the a&ion of alumine upon 

tannin. Van-Mons’s Journal, Vol. I. p, 86*. 

f 4 males de Gbim'te, Tome XL II. p. <5D. 

Its 
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Its folution alls very little upon gelatine, till it is faturated 
with an acid 5 and it is not pofleffed Of the property of tanning 
Ikin. 

In various cafes, in which the greateft care was taken to ufe 
no excefs, either of the aftringent infufion or of the alkaline 
folution, I have found the folid matter obtained poflefled of 
It contains analogous properties : and it has always given, by incinera- 
alkaU. tion, a con (jderable portion of carbonate of pota(h 4 and a fmall 

quantity of carbonate of lime. 

fluid conttinijf The fluid remaining after the reparation of the precipitate, 
alkali'° ntI,nmS was of a dark-brown colour, and became green at the furface, 
when it wasexpofed to the air. It gave no precipitate to folu- 
tion of gelatine ; and afforded only an olive-coloured precipi- 
tate with the falts of iron. 

exhibited tanln When muriatic acid was poured into the clear fluid, a violent 
wasVwmed 311 e ^ erve ^ cence was produced ; the fluid became turbid ; a pre- 
with mur. acid, cipitate was depofited ; and the refidual liquor ailed upon 
gelatine and the falts of iron, in a manner funilar to the pri*. 
mitive infufion. 

Cryftals of gallic M. Deyeux, in diftilling the precipitate from infufion of galls 
from^thfpre- ^y carbonate of potatb, obtained cryftals of gallic acid. In 
cipitate. following his procefs, I had fimilar lefults; and a fluid came- 

over, which reddened litmus-paper, and precipitated the falts 
of iron black, but did not act upon gelatine. 

The precip. was When the precipitate by carbonate of potafli was ailed upon 
warm water* ^ warm water * applied in large quantities, a confiderablo 
portion of it was diflblved ; but a part remained, which could 
not in any way be made to enter into folution ; and its pro- 
perties were very different from thofe of the entire precipitate. 
It was not at all affected by alcohol : it was ailed on by mu- 
riatic acid, and partially diflblved ; and the folution pre- 
cipitated gelatine and the falts of iron. It afforded, by in- 
cineration. aconfiderable portion of lime, but no alkali. 

Hence the In comparing thefe falls, it would feem, that the precipitate 

P r ' c, P^ as ^ nin fro m infufion of galls, confifts partly of tannin and gallic acid 
with a little united to a fmall quantity of alkali, and partly of thefe vegeta- 
alkali, and alfo ble matters combined with calcareous earth ; and it will appear 
‘car- p r °b a ble, when the falls hereafter detailed are examined, that 
boasted. both the potafh and the lime are contained in thefe compounds 
in a Hate of union with carbonic ?cid. 


The 
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The folutions of carbonate of foda and of carbonate of Habitudes of 
ammonia, both precipitated the infufion -of galls in a 
fimilar to the carbonate of potafh ; and each of the precipitates, as thofe of pot- 
whenafted on by boiling water, left a fmall quantity of infolu- afll * 
ble matter, which feemed to confift chiefly of tannin and car- 
bonate of lime. 

The entire precipitate by carbonate of foda produced, when Particular detail, 
incinerated, carbonate of foda and carbonate of lime. The Thcprec, I Mtatc ? 
precipitate by carbonate of ammonia, when expofed to a heat 
fufficient to boil water, in a retort having a receiver attached 
to it, gave out carbonate of ammonia, (which was condenfed 
in fmall cryftals in the neck of the retort,) and a yellowifti 
fluid, which had the ftrong fmell and tafte of this volatile fait. 

After the procefs of diftillation, the folid matter remaining was 
found of a daik brown colour; apart of it readily diflolved 
in told water, and the folution a&ed on gelatine. 

The refulual fluid of the portions of the infufion which had The reiidual 
been a6ted on by the carbonates of foda and of ammonia, as in fluid * 
the in fiance of the carbonate of po^afli, gave no precipitate 
with gelatine, till they w’ere faturated with an acid ; lo that, 
in all Inch? cafes, the changes are flri^tly analogous. 

' The irdulion of galls, as appears from the analyfis, contains Infufion of 
in its primitive ftate calcareous matter. By the action of the calcareous** 1 * 
mikl alkalis, this fubfiance is precipitated in union with a por-matter. 
tion of the vegetable matter, in the form of an infoluble com- 
pound. The alkalis themlelves, at the fame time, enter into 
actual combination with the remaining tannin and gallic acid ; 
and a part of the compound formed is precipitated, whilft 
another part remains in folution. 

When the artificial carbonates of lime, magnefia, and Carbonates of 
barytes, were feparately boiled with portions of the infufion of a, ^line^ earths 
galls for fome hours, they combined with the tannin contain-cip. n °’ P * C ~ 
ed in it, fo as to form with it infoluble compounds ; and, in 
each cafe, a deep green fluid was obtained, which gave no The fluid /hew- 
precipitate to gelatine, even when an acid was added, but ed no **nin. 
which produced a deep black colour in the folutions of the 
falts of iron. 

Sulphate of lime, when finely divided, whether natural or Sulphate of 
artificial, after having been long heated with a fmall quantity ,im 5 fcized the 
of the infufion, was found to have combined with the tannin of[*g # n 
it, and to have gained a faint tinge of light brown. The liquid 

became 
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not pure unin. 


Metallic folu- 
tions give dcnfe 
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probably con- 
taining fomc of 
the acid. 


Muriate of tin. 


Oxigenatcd ful* 
phate of Iron. 


became of % blue-green colour, and a died upon the falts of iron, 
but not upon gelatine j and there is every reafon to fuppofe* 
that it held in folution a triple compound, of gallic acid, ful* 
phuric acid, and lime. 

We owe to Mr. PrOuft, the difcovery that different folutions 
of the neutral falts precipitate the infufion of galls; and he 
fuppofes, that the precipitation is owing to their combining with 
a portion of the water which held the vegetable matter in folu- 
tion. In examining the/olid matters thrown down from the 
infufion, by fulphate of alumine, nitrate of potafti, acetite of 
potall), muriate of foda, and muriate of barytes, I found them 
ioluble, to a certain extent, in water, and poflefled of the 
power of adting upon gelatine. From the produ&s given by 
their incineration, and by their diftillation, I am however in. 
dined to believe that they contain, befides tannin, a portion 
of gallic acid and extra&ive matter, and a quantity of the fait 
employed in the primitive folution. 

It is well known, that many of the metallic folutions occafion 
denfe precipitates in the infufion of galls ; and it has been 
generally fuppofed, that thefe precipitates are compofed of 
tannin and extractive matter, or of thofe two fubftances and 
gallic acid, united to the metallic oxide ; but, from the ob- 
fervation of different procefles of this kind, in which the falts 
of iron and of tin were employed, I am inclined to believe, 
that they contain alfo a portion of the acid of the faline com. 
pound. 

When the muriate of tin was made to aCt upon a portion of 
the infufion, till no more precipitation could be produced in 
it, the fluid that pafled through the filtre dill adled upon gelatine 
and feemed to contain no excefs of acid ; for it gave a pre- 
cipitate to carbonate of potafli, without producing effer- 
vefcence. The folid compound, when decompofed by ful- 
phuretted hydrogen, after the manner recommended by Mr. 
Prouft, was found ftrongly to redden litmus-paper, and it 
copioufly precipitated nitrate of filver : whereas, the primitive 
infufion only rendered it fiightly turbid; fo that there is every 
reafon to believe, that the precipitate contained muriatic 
acid, 

By palling the black and turbid fluid, procured by the a&ion 
of folution of oxigenated fulphate of iron in excefs upon a 
portion of the infufion, through finely-divided pure flint, con- 
tained 
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tained in four folds of filtrating paper, I obtained a light olive- 
green fluid, in which there was no excefs of fulphuric acid, 
and which I am inclined to fuppofe was a folution of the com- 
pound of gallic acid and fulphate of iron, with fuperabundancC 
of metallic fait. I have already mentioned that gallic acid, 
when in very fmall proportion, does not precipitate the 
oxigenated falts of iron; and Mr. Prouft, in his ingenious 
paper upon the difference of the falts of iron, has fuppofed 
that, in the formation of ink, a portion of the oxide of iron in 
union with gallic acid is diiToIved by the fulphuric acid of the 
fulphate. This comes near to the opinion that they form a 
triple compound : and, in reafoning upon the general pheno- 
mena, it feems fair to conclude, that, in the cafe of the pre- 
cipitation of tannin by the falts of tin and of iron, compounds 
are formed, of tannin and the falts ; and that, of thefe com- 
pounds, fuch as contain tin are fiightly foluble in water, whilft 
thofe that contain iron are almoft wholly infoluble. 

In examining the a6tion of animal fubftances upon the infu- Animal matters 
fion of galls, with the view of afcertaining the compofition of ©fgalig in * uGon 
the compounds of gelatine, and of fkin, with tannin, I found 
that a faturated folution of gelatine, which contained the 
foluble matter of 50 grains of dry ifinglafs, produced from the 
infufion a precipitate that weighed nearly 91 grains; and, in 
another inftancc, a folution containing 30 grains of ifinglafs, 
gave about 56 grains ; fo that, taking the mean of the two ex- 
periments, and allowing for the fmail quantity of infoluble 
matter in ifinglafs, we may conclude, that 100 grains of the Precipitate by 
compound of gelatine and tannin, formed by precipitation ^g^i^ana* 
from faturated folutiqns, contain about 54 grains of gelatine, 46 tanin nearly, 
and 46' of tannin. 

A piece of dry calf-fk’n, perfectly free from extraneous A Ikin quickly 
matter, that weighed ISO grains, after being prepared for about^hree parts 
tanning by long immerfion in water, was tanned in a portion ftin and one 
of the infufion, being expofed to it for three weeks. When ve S ctaWemattcr * 
dry, the leather weighed 295 grains: fo that, confidermg 
this experiment as accurate, leather quickly tanned by means 
of an infufion of galls, confifts of about 61 grains of fkin, and 
39 of vegetable matter, in 100 grains. 

After depriving a portion gf the infufion of all its tanning The exhaufted 
matter, by repeatedly expofing it to tl*e action of pieces o f e ” 
fkin, I found that it gave a much flighler colour to oxigenated acid; probably 

fulDhate from dwmpoiU 

iuipnaie ti9abyexpofure# 
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fulphatc of iron, than an equal portion of a fimilar infufion 
which had been immediately precipitated by folution of 
ifinglafs j but I am inclined to attribute this effect, not to any 
abforption of gallic acid by the (kin, but rather to the decom- 
pofition of it by the long continued action of the atmofphere ; 
for much infoluble matter had been precipitated, during the 
procefs of tanning, and the reiidium contained a fmall portion 
of acetous acid. 

Component parts In afcertaining the quantity of tannin in galls, I found that 
•f Aleppo galls. 500 grains of good Aleppo galls gave, by lixiviation with pure 
water till their foluble parts were taken up, and fubfequent 
flow evaporation, 1 85 grains of folid matter. And this matter* 
examined by analyfis, appeared to confift. 

Solid matter. Of tannin 130 grains. 

Of mucilage, and matter rendered infoluble by 
evaporation - - - T - -12 

Of gallic acid, with a little extra&ive matter 31 
Remainder, calcareous earth and faline matter 12 
ftefidual fluid. The fluid obtained by the laft lixiviation ofg&lls, as M. Deyeux 

obfervcd, is pale green ; and I am inclined to believe, that it 
is chiefly a weak folution of gallate of lime. The allies of galls, 
deprived of foluble matter, furnifh a very confiderable quantity 
of calcareous earth. And the property which M. Deyeux 
difcovered in the liquor of the laft lixivialions, of becoming 
red by the a£tion of acids, and of regaining the green colour 
by means of alkalis, I have obferved, more or lefs, in all the 
foluble compounds containing gallic acid and the alkaline 
earths. 

IIL EXPERIMENTS AND OBSERVATIONS ON CATECHU 
OR 1 ERR A JAPONICA. 

Catechu or terra The extraft called catechu is faid to be obtained from the 
japonic*. wood of a fpeeies of the Mimofa *, which is found abundantly 
in India, by decoction and fubfequent evaporation. 

Hiftory and ex- There are two kinds of this extraft ; one is fent from Bom- 
tcrnal characters jj a « the other from Bengal; and they differ from each other 
and Bengal. more in their external appearance than in their chemical com- 
petition. The extra# from Bombay is of an uniform texture, 
and of a red-brown tint, its fpeciflc gravity being generally 

See Kerr. Medical Obfervations, Vol, V. p* 155. 


about 
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about 1 .39. The extra 6t from Bengal is more friable, and lefs 
Confident ; its colour is like that of chocolate externally, but, 
when broken, its fradure prcfents ftreaks of chocolate and of 
red-brown. Its fpecific gravity is about 1. 28. Their taftes 
are precifely fimilar, being aftringent, but leaving in the mouth 
a fenfation of fweetnefs. They do not deliquefce, or appa- 
rently change, by expofure to the air. 

The difcovery of the tanning powers of catechu, isowing to Sir J. Banks 
the President of the Royal Society, who, concluding from itwoliins 
fenfible properties that it contained tannin, furnifhed me, intania. 
December, 1801, with a quantity for chemical examination. 

In my firft experiments, I found that the folutions of catechu Experiments 
copioufly precipitated gelatine, and fpeedily tanned ikin ; and. 
in confequence, I began a particular inveftigation of their clufion. 
properties. 

The firongeft infufions and decodionsof the two different Both kinds agree 
kinds of catechu, do not fenfibly differ in their nature, or in * c * he,r natw^ * , 
their compofition. Their colour is deep red-brown, and they 
communicate this tinge to paper; they (lightly redden litmus- 
paper ; their tafte is highly aftringent, and they have no per- 
ceptible fmell. 

The ftrongeft infufions that I could obtain from the two kinds The ftrongeft 
©f catechu, at 4-3° Fahrenheit, were of the fame fpecific gra-^^ 0 ” 8 
vity, 1.0.57. But, by long decodion, I procured folul ions of 
1.102, which gave, by evaporation, more than ■§ of their 
weight of folid matter. 

Five hundred grains of the ftrongeft infufion of catechu from afforded 41 folid 
Bombay, furnifhed only 41 grains of folid matter; which, ^^/taninjind 
from analyfis, appeared to confift of 34 grains of tannin, or 7 peculiar ex- 
matter precipitable by gelatine, and 7 grains that were chiefly tra ^ - 
a peculiar extradive matter, the properties of which will be 
hereafter deferibed. The quantity of folid matter given by the 
ftrongeft infufion of the Bengal catechu, was the fame, and 
there was no fenfible difference in its compofition. Portions 
of thefe folid matters, when incinerated, left a refiduum whief^ 
feemed to be calcareous; but it was too fmall in quantity to be 
accurately examined, and it could not have amounted to more 
than of their original weights. 

The flrongeft infufions of catechu aded upon the acids and The Infufion 
pure alkalis in a manner analagous to the infufion of Is. acidTsm^ aUcalle ^ 

With the concentrated fulphuric and muriatic acids, they gave 

denfe 
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dciife light fawn coloured precipitates. With ftrong nitrous 
acid they eflfervefced ; and loft their power of precipitating the 
folutions of ifinglafs, and the falts of iron. The pare alkatfo 
entered into union with their tannin, fo as to prevent it from 
being adted upon by gelatine. 

When the folutions of lime, of ftrontia, or of barytes, were 
poured into the infufions, copious precipitates, of a (hade of light 
brown, were formed ; and the refidual fluid aflumed a paler 
tint of red, and was found to have loft its power of precipi- 
tating gelatine. 

After lime had been boiled for fome time with a portion of ■ 
the infufion, it aflumed a dull red colour. The liquor that 
pafTed from it through the filtre had only a faint tint of red, 
did not a6t upon gelatine, and feemed to contain only a very 
fmall portion of vegetable matter. Pure magneiia, when heated 
with the infufion, adted upon it in an analogous manner ; the 
magneiia became light red, and the refidual fluid had only a 
very flight tinge of that colour. With carbonate of magnefia, 
the infufion became deeper in colour, and loft its power of 
precipitating gelatine ; though it ftill gave, with oxygenated 
fulphate of iron, a light olive precipitate. 

The carbonates of potaih, of foda, and of ammonia, in their 
concentrated folutions, produced only a flight degree of turbid* 
ncfs in the infufion of catechu ; they communicated to them a 
darker colour, and deprived them of the power of adting upon 
gelatine j though this power was rcftored by the addition of 
an acid. 

After the mixture of the folution of carbonate of pota(h and 
the infufions had been expofed to the atmo(phere for fome 
hours, a brown cruft was found to have formed upon its furface* 
and a flight precipitation had taken place 
Aluminous falts The falts of alumine precipitated the infufions, but lefs co- 
«atechu? Cn °* pi°ufly than they precipitate the infufion of galls. A fimilar 
eflfedt was produced by nitrate 6f potaih, fulphate of magnefia, 
prufiiate of potaih, and many other nqutral falts. 

The nitrate, or acetite, of lead, in concentrated folution, 
when poured into the infufion, produced in it a denfe light, 
brown precipitate, which gave to the fluid a gelatinous appear- 
ance. After this effedt, there was no free acid found in it ; 
and both the tannin and the extradtive matter feemed to have 
been carried down, in union with a portion of the metallic fait. 

The 


Carbonates of 
potaih, foda, 
ammonia. 


Expofure to the 
air. 


tfitrateorace 
Site of lead. 
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The folution of muriate of tin, sited upon the infufion of Muriate of tin* 
totteoftu in a manner fimilar to that in which it alts upon the 
dnftltan of galls* 

The leaft oxygenated fulphate of iron produced no change in Sulphates of 
-the infufion. With the moft oxygenated fulphate it gave a denfe ir0lu 
black precipitate, which, when diffufed upon paper, appeared 
rattier more inclined to olive than the precipitate from galls* 

The inftifions were precipitated by the folution of albumen. 

The precipitates by gelatine had all a pale tint of red-brown. Precipitates from 
which became deeper when they were expofed to the air. The 3fu b^getatina* 
Compound of gelatine and the tannin of the ftrongeft infufions 4 i tannin and 
of catechu appeared, by eftimation of the quantity of ifinglafs & 8 ela *ine. 

Jn the folutions ufed for their precipitation, to confift of about 
41 parts of tannin, and 59 of gelatine* 

Of two pieces of calf-lkin which weighed, when dry, 132 Calf fkln(quidc* 
grains each, and which had been prepared for tanning, one was 
immerfed in a large quantity of the infufion of catechu from good leather. 
Bengal, and the other in an equal portion of the infufion of 1 ^ inaeafaof 
that from Bombay. In lefs than a month they were found con- t h er lc f s t h an " 
verted into leather. When freed from moifture, by long ex-°« c fifth of the 
.pofureinthe funfhine, they were weighed. The firft piece ^ at ^ cr * 
had gained about 34 grains ; and the fecond piece 35| grains. 

The leather was of a much deeper colour than that tanned 
with galls, and on the upper furface was red*brown. It was 
not ailed on by hot or cold water; and its apparent ftrength 
Was the fame as that of fimilar leather tanned in the ufual man- 


ner. 

In examining the remainder of the infufions of catechu, in Little extra&Ive 
which (kin had been converted into leather, I found in them ,Mttier lcft * 
much lefs extractive matter than I had reafon to expelt, from 
the comparative analyfis of equal portions of the unaltered in* 
fufions made by folutions of gelatine. At firft, f was inclined 
to fuppofe that the deficiency arofe from the adion of the at* 
mofphere upon the extraltive matter, by which a part of it 
was rendered infoluble. But, on confi dering that there bad 
been very little precipitation in the procefs, 1 was led to adopt ft had In part 
the fuppofition, that it had entered into union with the (kin, at With 

the fame time with the tannin ; mid this fuppofition was con- 


firmed by new experiments. 

Both kinds of catechu are alraoft wholly foluble in large Water diflolret 
quantities of water; and,.to form a complete folution, about 13 
Vol. V.— August. T ounces. 



EXPERIMENTS ON ASTRINGENT; VEGETABLES. 


Alcohol diffolvcs 
much} and 
leaves mucilage* 


The peculiar ex- 
traft of catechu 
Ss much efs So- 
luble than tannin 
in water* 


And is more To* 
luble by heat* 


Repeated lixivi- 
at ions of catechu 
in water, leave 
the peculiar ex- 
tract* 


Jts fenfible 
qualities. 


Solution in water 
and in alcohol* 


Habitude with 
tefts; 

•- with alkalis* 


ounces of water, at 52 *, are required to 100 grains of extraft* 
Therefiduum feldom amounts to the original weight .of 
the catechu ; and, in molt cafes, it is found to confiflchieffy of 
calcareous and aluminous earths, and of fine (and, which, by 
accident or defign, had probably been mixed with the primi* 
tive infufion at the time of its evaporation. 

A confiderable portion of both kinds of catechu is foluble in 
alcohol ; but, after the aCtion of alcohol upon it, a fubftance 
remains of a gelatinous appearance and a light brown colour, 
which is foluble in water, and is analogous in its properties to 
gum or mucilage* 

The peculiar extractive matter in the catechu, is much lefs 
foluble in water than the tanning principle ; and, when a fmall 
quantity of water is ufed to a large quantity of catechu, the 
quantity of tannin taken up, as appears from the nature of the 
ftrongeft infufion, is very much greater than that of the ex- 
tractive matter. 

The extractive matter is much more foluble in warm water 
tlian in cold water ; and when faturated folutions of catechu 
are made in boiling water, a confiderable quantity of extrac- 
tive matter, in its pure date, falls down, as the liquor becomes 
cool. 

The peculiar extractive matter of the catechu may be like- 
wife obtained, by repeatedly lixiviating the catechu,, when in 
fine powder, till the fluids obtained ceafe to precipitate gela- 
tine ; the refidual folid will then be found to be the fubftance 
in quefiion. 

The pure extractive matter, whether procured from the 
Bombay or Bengal catechu, is pale, with a faint tinge of red- 
brown. It has no perceptible fmell ; its tafte is (lightly aftrin- 
gent; but it leaves in the mouth, for forae time, a fenfation of 
fweetnefs,* itronger that given by the catechu itfelf* 

Its folution in water is at firft yellow-brown; but it gains a 
tint of red by expofure to the air. Its folution in alcohol does 
not materially change colour in the atmofphere$.anditis of an 
uniform. dull brown. 

The extractive matter, whether folid or in folution, was not 
found to produce any change of colour upon vegetable blues. 

It became of a brighter colour by the aCtion of the alkalis ; 
but it was not precipitated from its folution in .water by thefe 
bodies, nor by the alkaline earths* 

J The 
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The aqueous folution of it, when mixed with fplutions ofj^J^ other 
tiiirate of alumine and of muriate of iin, became (lightly turbid. 

To nitrate of lead, it gave a derrfe light brown precipitate. 

It was not perceptibly a6ied upon by folution of gelatine ; 
but, when folution of fulphate of alumine was added to the 
mixture of the two fluids, a confiderable quantity of folid mat* 
ter, of a light brown colour, was immediately depofited. 

To the folution of oxygenated fulphate of iron, it communi* 
cated a fine graft-green tint ; and green precipitate was de- 
pofited, which became black by expofure to the air. 

It was not precipitated by the mineral acids. 

Linen, by being boiled in the ftrongeft folution of the ex- Linen afcftra&s 
tractive matter, acquired a light red-brown tint. The liquor *“***• 
became almoft colourlefs j and, after this, produced very little 
change in the folution of oxygenated fulphate of iron. 

Raw ikin, prepared for tanning by being immerfed in the «• does raw 
ftrong folution, foon acquired the fame kind of tint as the linen. 

It united itfelf to a part of the extractive matter; but it was 
not rendered by it infoluble in boiling water. 

The folid extractive matter, when expofed to heat, foftened, The folM cxtn& 
*bnd became darker in its colour, but did not enter into fufion. 1 b “* j} 06 * 

«... , ' _ not f uie oy ne«t* 

At a temperature below that of ignition, it was decompounded. Deftruaive da- 
The volatile products of its decompofition were, carbonic acid, compofidoa. 
hydrocarbonate, and water holding in folution acetous acid and 
a little unaltered extradive matter. There remained alight 
and very porous charcoal. 

In confidering the manner in which the catechu is prepared, 
it would be reafonable to conclude, that different fpecimens of 
that fubflance muft differ in fome meafure in their compoiition, 
even in their pure dates j and, for the purpofes of commerce, 
they are often adulterated to a confiderable extent, with fand 
and earthy matter *. 

In attempting to eliimate the compoiition of the pureft cate- Component parts 
chu, I feleded pieces from different fpecimens, with which I of caleehu# 
was fupplied by the prefident, and reduced them together into 
powder ; mixing, however, only thofe pieces which were from 
catechu of the fame kind. 

* One fpecimen that I examined, of the terra japonica of com- 

merce, furniihed, by incineration, ^ of fand and earthy matter; and 

another fpecimen, nearly 
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Two hundred grains of the powder procured in this way* 
from the catechu of Bombay* afforded by analyfis. 


Ofpins# 

Bombayeatechu. tannin m 

Peculiar extrusive matter - - - * - 68 

Mucilage 8 


Refidual matter ; chiefly fand and calcareous earth 10 
The powder of the Bengal catechu gave* by fimilar methods 
of analyfis* in 200 grains* 

Grains. 

Bengal catechu* Tannin •‘-•••••-97 

Peculiar extractive matter - - - * - 73 

Mucilage - -••••-•10 

Refidual matter ; fand* with a fmall quantity of calca- 
reous and aluminous earths - - - . 14 

In the folid Cam- In examining thofe parts of the catechu from Bengal which 

plratho tannin were differently colouied, I found the largeft proportion of 
tannin in the darkeft part of the fubftance ; and moft extractive 
mingled. matter in the lighted part. 1 1 is probable that the inequality of 
compofition in this catechu* is owing to its being evaporated 
and formed, without much agitation ; inconfequenceof which* 
the conftituent parts of it that are leaft foluble* being firft pre- 
* cipitated* appear in fome meafure diftindi from the more foluble 

parts* which affume the folid form at a later period of the 
procefs. 

Pale catechu From the obfervations of Mr. Kerr*, it would appear* that 
moft m requeft. the pale catechu is that moft fought after in India; and it is 
iZZS? evWent, y that which contains moft extractive matter. The ex- 
tractive matter feems to be the fubftance that gives to the ca- 
techu the peculiar fweetnefs of tafte which follows theimpref- 
fion of aftringency j and it is probably this fweetnefs of tafte 
which renders it fo agreeable to the Hindoos* for the purpofe 
of chewing with the betle-nut. 


(To be continued, J 


* Medical Obfervations* Vol. V. page 155. 
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X. 

Memoir on the Nature and the new Properties of the Prqffic Acid. 

By Cit. Cu&audav, correfponding Member qf La Sociiti 
libre des Pharmaciens de Paris *. 

The Pruflic colouring matter has been long known in che- Uncertainties 
roiftry, but we have yet no correct knowledge of its nature ^the ! fheory # of 
and different modifications ; chemifts are not even agreed as Pruflic aid* 
to the formation of this Angular fubftance. Some admit that 
oxigen forms a part of its compofition, and others affert it to 
be an acid without oxigen. Indeed this compofition performs 
the functions of an acid in many infiances ; but in certain others, 
and particularly in its fimple ftate, it ceafes to exhibit the pro- 
perties common to other acids. This diverfity of opinions on 
a fubftance which we can compofe and decora pofe, reduce and 
combine at pleafure, feems to contradict our chemical know- 
ledge, and to carry us from that perfection towards which 
perfeSt fcience ought continually to tend. 

In fa6|, if id the clafs of acids it were proved that there Whether an 
were one without oxigen; might we not conclude that the without oxigeia 
bafes might, as well as oxigen, contain the acidifying princi- 
ple, and would it not follow that we have gratuitouily afcribed 
to vital air the property of generating acid ? 

It is of importance then, under thefe circumftances, to fix The prefentw- 
the opinions of the chemifts on this point, and to determine termine'the 
what may be the concurring caufes that give the pruflic co- caufes by which 
louring matter the charafteriftic properties of acids, or to fe- matSr ^Lc^di" 6 
parate it from their clafs. This is the problem which I have fled, and the 
undertaken to refolve. If I have not fulfilled the tafk, I dare contrar y* 
at leaft flatter myfelf that my obfervations will prove ufeful to 
the progrefs of fcience, and that they may deferve the atten- 
tion of the chemical world. 

In order to avoid the continual repetition of Pruflic acid, Adjuftment of 
Pruflic colouring matter, &c. I (hall in future defcribe this tcrm,# 
acid under the name of “ Prujfirc” its combinations without 
oxigen " Pi'tiffiureti” and its oxigenated combinations fC Pruf- 
fwtes? This correction of Nomenclature becomes neceflary 

• From Les Annalea de Chimie, No* 137, Vol. XLVI. p. 148* 

not 
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not only to tborten the expreffions, but to explain in proper 
terms fuch notions as indicate the real fiate of the fuhfiance 
under defcription. 

The gaftoas Chemtfts have never diftinguiihed the Pruffic acid, faturating 
Fefs^oxigen thin a Metallic fubftanoe from the gaseous Pruffire. They have 
when in com- always believed on the contrary that this loft, extracted from 
fetation* an y Pruffiate whatever, was the fame as in its ftate of combi- 
nation* But on a nearer examination, we find it impoffibleto 
obtain Ample Pruffic acid ; that it can only exift in a combined 
fiate ; that its combinations can only take place by virtue of 
the oxigen afforded by the bafe to which it is united : laftly, 
Jt cannot exift that the Ample pruffire cannot exift with the prefence of oxi- 
geif^For this 8 cn w ^hout an immediate deftrudtion of the affinity which 
left will acidify held its three component principles together. The carbon in 
thVwote and 11 * ra ^* ca ^ * s particularly difpofed to unite with oxigen, and 
hydrogen form at the inftant when the fubtradtion of this principle is made, 
h^nce carbonate 3Zote anc ^ the hydrogen become liberated, and immediately 
of ammonia will form ammonia, which is alfo faturated by the carbonic acid 
be had. at the moment of their mutual production. Water is the ox- 
igenated compound which has the ftrongeft effect in producing 
thedecompofition of pruffire, without feparating its elements ; 
that is to fay, the refult of this decompofition is always car* 
bonic acid and ammonia. 

Suppofed incon- The fixity of pruffire (hewn by the high temperature at which 
{atXy 0 (o*g*-°" ** f ormc ^ does not appear to me to agree with what is 
senus form) of already known relative to its extreme volatility, and of its little 
SjrlgltSfixI ty!* difpofition to unite direftly with faline bafes. I thought it ne- 
ceflary to direct my enquiries to this objefit, in order to afcer- 
tain, if poffible, the caufe which produced fuch oppofite pro- 
perties in the fame fubftanfce, and which, as I apprehend, 
mull arife from fadts not yet known and underftood* 

The fixity of I could not attribute the fixity of pruffire to the oxigen. 
Sewn by the f ]nce * by the experiments which I publilbed five years ago *, 
great heat it fop. 1 have (hewn that this principle always oppofes its formation, 
jmrti during cal- af)( j even deftroys it when already formed. Thus, from the 
•rife from oxi- moment it was proved that the calcinations intended to form 
CM* the pruffire is ineffectual wherever oxigen is prefent, I could 

no longer admit that this compound, when formed by calcina- 
tion, with an alkali, can derive its fixity from oxigen. It be- 

* Journal de Pharmacie, cahier de Germinal, An 6. 
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came tieceflary, therefore, for me to direft my enquiries ac- 
cording to the indications afforded by my own experiments, 
and to continue them till I toould become acquainted with the 
caufe of fixity in a fubffmnce which immediately on its forma- 
tion, poflefled properties quite oppoiite to thofe which it 
feemed to poflefs during the a6tion of calcination. 

Perfeverance in varying my enquiries on this objedt, gave ^f*^**'™ 
me an opportunity of making many important obfervations, bonated^sotc^ 
and to afcertain, by decifive experiments, that the? Pruffic cal- of potaflu The 
cination gives nothing more than the carbonated azote of pot- water 

alh, and that the hydrogen which enters into the compofitionis applied: 
of the pruffire, is always the refult of a combination which 
takes place fubfequent to the calcination. Hence I faw that 
it was this circumftance which fo long produced the chemical 
illufion, and from which we dill confound this production with 
that contained in the crucible. But it is a phenomenon wor- 
thy of remark, and of which the explanation is very proper 
to throw light on the nature and formation of pruffire, that the 
carbonated azote of potato poffefles the property of inftantly — which fluid Is 

J r L J . / • 1 inftantly decom- 

decompofing water ; and at the moment the water is decom- pofed# ' 
pofed, the pruffire is formed, together with ammonia and car- 
bonic acid. Though this immediate production of three new 
compounds is the refult of very complicated affinities, which 
are difficult to be well made out; we may neverthelefs fufpeCt 
that the potafh, which is always found in excefs in pruffic cal- 
cinations, is the fubftance which in this cafe preponderates in 
the affinities, and that this fubftance, by a predifpofing 
tion, promotes the oxigenation of the carbon at the expence affinities, 
of the oxigen of the water ; the hidrogen, which being fet at 
liberty by this fubtraCtion of oxigen, unites at the fame time 
with the carbonated azote of potato. One part of the hidro- 
gen is thus employed in forming ammonia, while the other 
ferves to form the pruffire, which was not pruffire for want of 
the hydrogen, its third clement. It is ftill farther in favour of 
this theory that the potato in its progrefs to faturation with 
carbonic acid may* by long ebullition, fucceffively convert 
the greater part of the pruffire, into ammonia and carbonic 
acid ; this decompoiition ufually continues till the potato is 
completely faturated with the carbonic acid. Hence it is that 
a very good pruffic lixivium may be partly decom pofed by dewm^ofe^by 
fimple ebullition# and that in all pruffic calcinations# thofe water and lots 

which incumd - 
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whichare nvqftftrongly, Heated always form, lixivium luturuted. 
with the carbonic arid; this can only happen at the expeace 
of the oxigen of the water and the carbon of the carbonated 
azote of potalh : The potato, therefore, as I have already, ob* 
ferved, contributes in part, by a predifpoling attradion, Jo the 
fucceffive developement of all thefe new combinations. 

After having proved that carbonated azote of potalh inftani* 
ly decomposes water, and that water alfo fucceffively decora# 
pofes the prullire ; which is always by a diminution of it# 
quantity ; I Ihall now (hew the means which mult be ufed tp 
prevent the deftru&ion of this fubltance, and (hew that they 
perfectly agree with the theory I have here laid down. 

Remedy agwnft The deftmtibility of pruffire of potalh heing highly preju- 
water wUh the* ^ lc ‘ a ^ * n l* r g e operations, I directed my refearches to the 
pruffic calcined means of preventing that lofs. The refult of my obfervations 
TOattcr * is, that, in order to flop this decompofition, it is an indifpen* 

fable condition, never to wet a pruffic calcination but with a 

ufed Uftetd " ,r0n ^ ut * on °* fa, P hate iron maximum of oxigenation ; 

this method is intitled to the mod decided preference ; for in 
this cafe the prullire, which is formed at the moment of the 
mixture, being in a (late favourable to the faturation of potalh, 
it becomes fixed at the expence of the oxigen of the oxide of 

be^re 681 * * r ° n, ‘ * 11 ^ ** * S P FU ® C ^ muft °^ erV ' e that 

nated by° a* me- this oxigenated combination of pruffire cannot take place but 
tallic oxide, by the concurrence of metallic fubfiances already oxigenated ; 

and that it is only then that an equilibrium of affinities is efta- 
blilhed between the potalh, the pruffire, and the metallic 
oxide ; which produces a complex and energetive combination, 
that I propofe to call pruffiate of potalh by the oxide of iron; 
which method of nomenclature I propofe to apply to each fe* 
veral metallic oxide which enters into the compolition of prof* 
date of potalh. All thefe combinations cryflallize ealily by 
evaporation, and by cooling the lixivium we may obtain very 
regularly formed cryftals, 

Inference, * The confequences we Ihould naturally draw from thefe latter 
obfervations (lie w therefore irrevocably Jhat the pruffire owes 
its acid or neutralifmg property to the oxigen of the oxide of 
iron, and that as the quantity of water decompofed in this csde 
does not exceed what is neceflary to fqpply the. hydrogen in 
the pruffire, we mail accordingly obtain more abundant pro# 
dudls than in any other cafe. 
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tii flip port of what Ihaveherdath&lhcdd, BcrtMl$rfirfr 
Berthollet, whofe fagarity. is well known, has proved, pruffaWcon- 
nftffrHhan fifteen years ago# by a very accurate analysis,. that tains no oxigcn. 
what was called the pruflic acid, does not contain oxigeti* It' 
is true indeed, that there are many chemifts no lefs celebrated, 
who have not coincided in this opinion, and have confidered 
what M* Berthollet had advanced as very far from complete 
proof* I mtift, neverthelefs, infift that the labours which that 
learned chemift has made known on this object, are a prelude, 
in fome fort, to the difcoveries which remained to be made, 
in order to complete the hiftory of the properties of the pruflic 
acid. 

It remains then very evidently demonftrated from thefe re- The theory is 
fults, as well asthofe obtained by M. Berthollet, how far this [he^e^uU- 4 
theory is fatisfa&ory, and how much it enables us to explain neficial. 
fads, refpeding which we have hitherto had no very correlt 
notions. Laflly, from all thefe new applications, we may, 
with a knowledge of the caufes, fabricate in the large way, 
cryftds of prufliate of potafti, by oxide of iron. It is now a 
confiderable time fince I firft prepared firailar cryftals, but 
without being able to eftablifh a theory fufficiently clear to be 
communicated. > 

It is to be remarked that Pruflian blue obtained with theThc Pruflian 
prufliate of potalh by the oxide of iron, gives a blue of the moft pr“* e f rcatly ,m ~ 
cxquifite beauty. Its interior fracture is fmooth and of a cop- 
perifh hue, fimilar to that feen in indigo of the belt quality. 

An obfervalion which equally deferves mention is, that the 
prufliate of potalh by oxide of iron has the property of form* 
mg with a hot folution of fulphate of alumine, a magma ana* 
logous to that of boiled fecula. If the mixture be diluted with Prufliate of 
water to favour the reparation of the precipitate it is then 0 f alumlnc * 
a Iky blue colour. This precipitate waihed and dried becomes 
of a deep blue, approaching to black ; its fra&ure is fmooth 
and has a refinous appearance ; it is the prufliate of alumine 
by the oxide of iron. 

Recapitulation* 

It refults from all that has been here laid : Recapitulation. 

1, That the pruffic^calcmatioti contains but two of the ele- 1 . Pruflic caU. 
inents of pruflire, azote and carbon $ and that the third ele- c, " al,on « ,ve * 
jnent neceflary to the compofition of the aetd, is the refult of carbon along 
* combination formed after the calcination. with thc alka,i » 


2. That 
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%• which (l t 
new compound. 


t. capable of 
inftintly decom* 
poling water* 


4. propofed 
nomenclature 
of its com* 
pounds. 


5. water de- 
compofes prufli 
uret and occa- 
fions lofs. 


to That the carbonated azote of potato is a new compound 
in chemiftry, Grom our acquaintance with which we may fuc- 
ceed in decompofitfons which have hitherto been attempted 
without fuecefs. 

3. That' the property which carbonated azote of potato has 
of inftantly decompofing water producer the pruffic acid, and 
that it is the potato particularly which affids the oxigmation of 
the carbon and the combination of the hydrogen with the azote 
and the carbon, 

4. That we rauft now call the fuppofed pruffic acid by the 
name of pruffire, becaufe its properties are analogous to thofe 
of all the radicals. Its combinations without oxigen will be 
called pruffiurels, and thofe which are oxigmated, pruffiates; 
with refpedfc to the latter, when they are not directly combined 
with a metallic fubdance, it will be neceflary to mention along 
with the direct bafe, the metallic oxide whicli may have given 
them the properties common to the acids. For example, the 
combination of pruffire with potato will be called pruffiuret of 
potato ; with oxide of iron, pruffiate of iron, and with potato 
and oxide of iron, pruffiate of potato by oxide of iron. With 
refpedt to thofe metallic pruffiates which are capable of paffing 
fucceffively into different degrees of oxigenation they may be 
defcnbed by their colour, which will fufficiently indicate the 
date of the pruffiate. 

5. That the continued altion of water upon the pruffiuret of 
0 potato is able to change it completely into carbonic acid and 
ammonia. This mud (hew that the hydrogen in the pruffire is 
not combined with the azote in the proportion neceffinryto the 
compofilion of ammonia, and that it mud be by the lofs of hy« 
drogen in the water that the pruffire paffes fucceffively into the 
ammonial date. 


to Which may 6 . That the decompodtion of part of the pruffire may be 
ofin^fulpbie^ prevented, by never moidening a pruffic calcination, but with 
of irony a folution of fulphate of iron at the maximum of oxigination. 
7 . the pruffic 7 . Ladly : What is called pruffic acid gas, is not an acid, 
add ga* *• a on ]y the pruffic radical, and that it acquires the acid or 

which acquires neutralizing property only by means of the oxigen which is 
to acid proper* imparted to it by a metallic oxide, of which the concurrence 
torn an oxide* « neceffary to form with the faline bads a drong and durable 
compound. 
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Jkjiription of the Subterraneous Graphometer invented by M. 

KomarzeWski, F. JL & andprejbnted to the National Infti* 

ftitute of France *. 

This inftrument is a fimple conftrbftion of the common Defcription of a 
theodilite, and is calculated to arifwer the author’s intention 
in operations like thofe of mining, where great accuracy is not 
required. 

The rougheft kind of furveys are made by taking angles 
with the compafs, and thefe are ltij.i ufed in mines, and in the 
diflri^ts of unfettled countries. Our author has taken the next 
procefs, and obtains confiderably more accuracy, without de- 
viating from iimplicity and cheapnefs. 

This fubterraneous graphometer is compofed of three prin- 
cipal parts, viz • a circular horizontal plate, a circular vertical 
plate, and a pedeffal, which are refpeQi vely reprefen ted in 
perfpe&ive, (Figs. 2, 3 and 3, Plate XV.) 

The horizontal Plate A. Fig 4 . 2. is divided into 360° doubly 
numbered, the fubdivifions are carried to 15', this isconfidered 
fufficient for mines where there is feldom light enough to ob- 
ferve a more minute divifion : for operations on the furface of 
the earth a Vernier's fcale may be added. 

Within the line of divifions above mentioned, is that of the 
magnetic compafs : which gives the redu&ion of hours into 
degrees, and that of degrees into hours. 

This plate meafures the horizontal angles which the miners 
call the direction. 

Through its centre paffes the cylinder a, on which turns the 
hollow cylinder, which forms the centre of the horizontal’index 
bb , and carries the vertical plate B, as represented in Fig. I. 

The horizontal index is one inch in breadth, and is increafed 
at the centre by two circular fegments cc call with it, in 
order to give the vertical plate a more firm bearing on the 
horizontal plate at the top. of the cylinder o, a ferew a is in- 
ferred to confine the cylinder. 

* From a folio publication in Englifh, entitled. Memoir on a 
Subterraneous Graphometer, See, publiihed at Paris by Pougens, 
imp 


The 



jggH 

Description ef 
fubcerraneout 
graphometer. 


DW8MX9 no* OP T#**V*r*RKAinoV$ 4 a Arrtoarritf. ' 

a The hook attached to one extremity of the horizontal index 
is intended for the fisfpenfion of a plumb line. 

The vertical plate 3, Fig. 3, is only fix inches in diameter* 
in order, that the extremities of the horizontal index may be 
left perfectly clear. 

Two indexes dd, are moveable round its centre c, which 
sneafure the angles of inclination. They are fomewhat nar- 
rower than the horizontal index. Their extremities are like- 
wife furnilbed with threads to mark the quantity of the angles 
to the extremities of thefe indexes, and in the direction of their 
axes are fixed two hooks in order to receive the cords which 
put the indexes in motion. 

The vertical plate is divided on each fide by two lines paf- 
fing through its centre, one of which is horizontal and the 
other vertical, the one mark the diameter, and the other the 
radius. The upper part of the plate is likewife divided on 
each fide into twice 90. This divifion commences at the hori- 
zontal diameter, and proceeds to the vertical radius, the lower 
part which is but a fegroent of the circle, contains only on each 
fide 30°, this is fufficient for a lode or gallery in mines, more 
confiderable inclinations being meafured like the depth of a 
fhaft. 

Thefe two plates with their indexes form the graphomeler, 
the other parts belong to the pedeftal, on which it may be 
moved as occafion requires. Its dimenfions depend upon the 
fpace in which the graphometer is to be employed. The pe- 
deftal is reprefented at Fig. 5; as follows, 

A board EE about IS inches long, fix inches wide, and one 
. in thicknefs, receives in a focket made its centre, the brats ball 
K, furmounted by the cylinder H call with the ball, the board 
is bored towards its extremities, to receive brafs icrews, by* 
which it is fixed on fome wooden bar in the mines. 

Thfc ball K is covered by afquareplateg, which is concave 
and perforated in its centre, and is fixed to the board E by the 
four fcrews h ; it is by loofening or tightening them that the 
graphometer is fixed or levelled. 

On the cylinder H turns the hollow cylinder F, which is 
caft with the fmatl plate D, this hollow cylinder is f’urnifhed 
with a tightening fcrew G, to fix the graphometer when placed 
upon the plate D : the graphometer is fixed to this pfate by two 

ftaplea 
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ftaples // foldered to the horizontal plate A, which enter two Defcription of a 
correfponding holes in the plate D, and are confined by the 
bolts// Aiding in grooves foldered beneath the fame plate. 

In the centre of the plate D as Well as in the centre of the 
inferior part of the ball K, is a female fcrew i, to receive 
the fblid cylinder L, Fig . 4, the ufe of which will be feen in 
the folation of the problems. This cylinder is furnifhed with 
a moveable collar m, having a hook in its centre, to which the 
other extremity of the cord may be attached. 

Fig. 1 . is a perfpeftive view of the graphometer, in which 
A is the horizontal plate, B the vertical plate, a a the centre 
of the vertical plate, &c. bb the horizontal index, d d the 
vertical indexes. 

From this difpofition it refults that, when one dire&ion is 
known, which for the firft operation may be determined by 
the magnetic compafs, or in mining frill better by a meridian 
line palling through one of the principaHhafts, the inftrument 
may with facility be direfted to any given point, and all plans 
be executed which are neceffary in operations of mining, with* 
out making ufe of the magnetic needle, and that the direc* 
tions and inclinations may be taken at the fame time, £nce in 
all thefe operations it is only neceffary to obferve the angles 
indicated by the inftrument, to meafure the length of the line, 
and to calculate right angled triangles, of which three parts 
are known. 

The pedcftal is intended to be placed at the point of the 
angle fought, and the cords ftretched to it from the grapho* 
meter, the cord is fixed to the hook of the graphometer by a 
noofe, and Us other extremity to the cylinder L of the pedeftal, 
by means of the fcaie and pin reprefented at Fig. G. 
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new. 
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Experiments and Obfirvationt onthe various Alloys, on the Specific 
Gravity, and an the comparative Wear qf Gold. Abjbraded 
firm the Memoir qf Charles Hatchett* Eta. F. R. S *. 

' INTRODUCTION. 

The Lords of the Committee of his Majefty’s moil honour* 
able Privy Council, appointed by his Majefty, on the 10th of 
February, 1?98, to take into coniideration the Hate of the 
coins of this kingdom, having among other circumstances re- 
marked the cbnfiderable lofs which the gold coin appeared to 
have fuftained by wear within certain periods, and being de- 
li rous to afcertain whether this lofs was occafioned by any 
defelt, either in the quality of the itandard gold or in the figure 
or impreffion of the coins, were pleafed to requeft that Henry 
Cavendifti, Efq. F. R. S. and the author of the prefent me- 
moir would examine, by fuch experiments as (hould be deemed 
requifite, whether any of thefe defelts really exifted. 

Two queftions were to be principally decided, 
lft. Whether very foft and ductile gold, or gold made as 
hard as is compatible with the procefs of coining, fufTers the 
moft by wear, under the various circumftances of friltion to 
which coin is fubjelted in the courfe of circulation ? 

2dly. Whether coin with ? fiat, fmooth, and broad furface, 
wears lefs than coin which has certain protuberant parts raifed 
above the ground' or general level of the pieces ? 

The great value of the material, had hitherto prevented pri- 
vate individuals from afcertaining thefe fads by experiment • 
and, as a public concern ; this fubjelt of inveftigation, al- 
though fo important to political economy and to fcience, does 
not appear to have been noticed by any European government, 
until the Right Honourable and enlightened Members of the 
above-mentioned Committee propofed the inquiry, and fumiflt- 
ed the requifite means for making the experiments t* ^ 

* In the Philofophical Tranfa&ions for 1803. 
f Thefe experiments were begun in the latter end of 1798, and 
were completed in April, 1801. 
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SECTION I. 

ON THE VARIOUS ALLOTS OF GOLD. 

The wear of coin is fubjeft to be modified by certain phyfical Plan of expert* 
properties, fuch as ductility and hardnefs, which vary in de- mentl * 
gree, according to the chemical effects produced by different 
metallic fubftances, when employed in certain proportions as 
alloys. From thefe confideratiogs, it appears proper, 

Firft, to examine the effects which the various metals pro- Effe&s of alloys, 
duce upon gold, when combined with it in given proportions, 
beginning with which is the ftandard proportion of alloy, 
and in certain cafes gradually decreafing to £ of a grain in the 
ounce of troy, or part of the rr.afs. 

Secondly, to examine the fpecific gravity of gold dif- Specific gra* 
ferently alloyed, and the caufes of certain variations to which viue# * 
it is liable. 

And, thirdly, to afcertain the effects of fri&ion varioufly Wear, 
modified. 


GOLD ALLOYED WITH ARSENIC. 

Experiment I. 

To 5307 grains of gold in fufion, 453 pure arfenic were Gold and 
added. Only fix grains remained in the ingot, which was arfcnict 
brittle. 

Experiment II. 

To 442 grs. gold were added 19 grs. copper, and on perfedt Gold, copper, 
fufion, 19 grs. pure arfenic, and the whole quickly poured andarfcmc * 
out. None of the arfenic remained. 

Experiment III. 

480 grains of gold in a.fmall crucible was inclofed within Gold and arfc« 
two larger crucibles, well luted together. 480 grains of pure 
arfenic were included in the outer veflel. Strong and con. 
turned heat, (a) raifed fome arfenic in the white oxide, (b) 
and alfo a final! portion of the gold, (c) and the gold was 
brittle, with a coarfe gray fradture, an increafe of 1,5 grains 
in weight, (dj It was difficult to expell the arfenic by heat. 

Experiment IV. 

A plate of gold was fufpended within two crucibles ground Gold expofed to 
and luted together, pure arfenic being placed in the lower. 





Variation of 


Gold and anti- 
mony. 


Cold and tine. 


**#sMitt««***i v**f**t afitdtfa ^ 

By a full red heal, the arfenic rofe and combined with the 
furface of the plate, ■ producing a very fulible compound, 
which ran down intp the lowpr v.eflTel. Thc { plate^ which had 
been ^ of ah inch thick, watt become as thin as j>aper ; but 
wal AtU pure gold. The fated compound virus extremely 
brittle^, and gray within. It contained a very ‘large<qnant$ty of 
arfenic, but how much is not dated. 

Experiment V* 

Variation of the preceding experiment* The arfenic was 
introduced through a hole after the ignition, and the heat not 
kept up* The furface of the plate was impregnated with 
arfenic ; but the heat not being fufficient to caufe it to flow 
down; it adhered to the plate, and rendered it lefs flexible* 

GOLD ALLOYED WITH ANTIMONY* 

Experiment I. to VIII. 

Golds in various proportions and of different (inenefs were 
combined with pure antimony by heat. Small proportions of 
the latter, produced a pale, dull, unmetallic colour, and 
rendered the compound exceedingly brittle. Minute quan- 
tities ftill impaired the metallic brilliancy, and caufed brittle- 
nefs. Lefs than one quarter of a grain, in the ounce of gold, 
were fufficient to produce thefe effects. The vapors of antimony 
readily combine with gold in open as well as clofe veffels, and 
afford the fame changes* 

GOLD ALLOYED WITH ZINC. 

Experiment L to VI. 

By thefe experiments, it was (hewn, that zinc is highly in- 
jurious to the duality of gold ; that a portion of it is eafily 
Separated from gold by heat 5 that, when a large quantity of 
gold is alloyed with the ftandard proportion of zinc, only part 
of the latter is fpeedily volatilized, but, when fmall quantities 
are treated, the whole of the zinc becomes feparated, and the 
gold remains pure ; that, if zinc is previoufly combined with 
copper in the ftate of brafs, it is not fo eafily feparated by heat, 
yyhen added to melted gold ; and, lafily, that gold in fafion 
abforbs and retains a portion of zinc, when expofed to the latter 
metal in a volatilized Gate, even in open veffels* 
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0910 ALLOYED WITH COBALT. 

Experiment I. to IV. 

This addition debafed the colour of the gold, and rendered a ad cobaft* 

it brittle. When to an alloy of about 10 parts gold, and l 
part copper, nearly half a quarter part of cobalt were added, 
the metal began to be dudtile. 

COLO ALLOYED WITH NICKEL. 

Experiment I* to IV. 

The colour and ductility of gold were injured by nickel, an< *tHckel, 
but lefs than by any other of the brittle metals. When to 
about eleven parts of gold, and one of copper, one fourth 
of a part of nickel was added, the compound was fcarcely 
brittle. 

COLD ALLOYED WITH MANGANESE. 

Experiment I. to III. 

The black oxide of manganefe ftrongly heated with gold ***** 
did not affedt it. But when olive oil had been previoufly # * 
burned on the oxide, this powder ftrongly and permanently 
heated with gold, rendered it pale and brittle. This alloy is 
lefs fufible than pure gold ; it does not change by long ex* 
pofure to the air; and the manganefe is defended from the 
ufual a6tion of acids. It may be feparated by cupellation, or 
better by quarlation and nitric acid. 

GOLD ALLOYED WITH BISMUTH. 

Experiment I. to VI, 

Bifmuth added to pure, or to alloyed gold, is exceedingly Cold and bif« 
injurious to its colour and duflility. It produces thefe effe^s mut ^ 4 
when the quantity is no more than part of the mafs $ and 
the combination takes place by the vapor of bifmuth, in open 
as well as clofe veflels. 

GOLD AttOYED WITH LE AD* 

Experiment I. to IX. 

Lead is nearly as injurious to gold as bifmuth ; one quarter Gold and lead, 
of a grain in the ounce producing complete brittlenefs. Its 
vapor in clofe veflels greatly contaminates gold, but in open 
veflels the eflfeft was inconfiderable. 
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EXPERIMENTS ON VARIOUS ALLOYS OF GOLD* 

GOLD ALLOYED WITH TIN. 

Experiment I. to IV. 

A confiderable portion, as fa of tin rendered gold paler and 
Jefs do&ile : fmall quantities as fa did not material injure it. 
Mr. Bingley, in confequence of Tillet’s experiments, related 
in the Acad. Par. 1790, and in the Quarto Series of our 
Journal II. 140, 179, made experiments on an alloy of gold 
and tin, containing eight grains in the ounce of the latter 
metal. The fa6ts are, 1, the earlier chennfts, probably as 
Mr. Hatchett obferves, milled by a tin containing bifmuth, 
lead, antimony or zinc, did affirm that the (mailed portion 
of that metal renders gold brittle ; 2. Mr. Alchorne (hewed 
the fallacy of that general pofition, by experiments on fuclt 
alloys. 3. Mr. Tillct (hewed that tho* gold alloyed with tin, 
may be hammered and laminated cold, yet it falls to pieces 
by the annealing heat, or cherry red ; and Iaftly, Mr. Bingley 
finds that an annealing by five degrees of Wedgwood’s pyrome- 
ter, or red vifible by day light, does not render the gold unfit 
for working ; but that the cherry red or ten degrees blifters 
the furface, warps the bar, and caufes it to fall in pieces, by 
the fufion of the moft fufible metal ; a general property on 
which the procefs of eliquation depends. 

GOLD ALLOYED WITH IRON. 

Experiment . I. to IV. 

Gold, with and without- copper, was alloyed with about fa 
part of iron, and in other experiments of call iron, cad (leel, and 
iron wire, gave a metal of a pale yellowilh gray, approach- 
ing to a dull white, which was very duflile and laminable, 
and was damped with great eafe without annealing; though 
it was harder than gold. 

EXPERIMENTS ON EMERY AND GOLD. 

Gold was heated flrongly, and for a long time, with emery 
in fine powder, and in fome trials previoufly heated with oil # 
No change was produced. 

GOLD ALLOYED WITH FLA TINA. 

Fine gold, and alfo ftandard gold, were alloyed with pl‘a- 
tina. The compound was yellowiffi-white,’ and very dudtile. 

3 ' ‘ It 
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It was not thought neceflary to extend the experiments* be- 
caufe thefe metals have been much examined by other 
chemifts *. 

GOLD ALLOYED WITH COPPER, 

From many experiments it appears, that the varieties of ar J d c opper. 
• i , , r _ . , Many kinds of 

copper, in commerce, although hmilar in alpect, and other coppcr render 

obvious properties, are far from being uniform in quality 5 fo 8 old brittle, 

that many of them are by no means fufticiently pure to be 

employed as an alloy for gold ; but render it brittle. 

And the different effe&s produced by the moulds of iron 
and thofe of fand, are fuch as fully prove, that copper which 
is not perfectly pure, and which has a tendency to render gold 
brittle, ads more powerfully, in this refped, when the al- 
loyed mahi is caff in fand than when it is caff in iron ; and, all 
things being confidcret!, there is reafon to conclude, that 
moulds of iron are much to be preferred to thofe of fand f. 

The ores of 
thofe of copper ; 
either of the former metals is fufficient to deffroy the du&ility 
of gold. It may therefore be fufpedled, that the biittle quality 
which certain kinds of copper communicate to gold, proceeds 
from thofe metals ; for, though other metallic fubftances produce 
the fame effect, yet, as the former efpcciall) are fo commonly 
prefent with the ores of copper, it is highly probable that 
antimony, or lead, may remain combined with the fmelted 
copper, in a propoition too final! to affect the general and 
more obvious properties of that metal, yet (till fufficienl to 
deffroy the dudility of gold, when fuch copper is employed 
as an alloy. 

To afeertain how far copper might be alloyed with lead, or Copper may cop- 

antimony, without any very apparent change in its obvious portion of lead 

properties, the following experiments were made : or antimony, 

and be very 

# Gold made ffandard by platina, is not only very dultile, but ®erchantable# % 
alfo (when hammered) tolerably elaftic. perhaps it might be ad- 
vantageoufly employed for the fprings of watches, &c. C. H. 

+ Bars of alloyed gold (particularly thofe which are alloyed 
with copper) are generally diicoloured on the furface, when caff in 
moulds of fand ; but not fo when caff in iron. It may be lufpeded, 
that the alloy is fuperficially oxidized when fand is employed, in 
confequence of the air which is lodged in the interlaces, together* 
perhaps, with fome degree of moifture. C. H* 
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To 476 grains of fine malleable copper, in fufion, four 
grains of antimony were added, and, being well mixed, the 
whole was poured into a mould. 

The colour of this copper, when filed and polifhed, was 
fuch as not eafily to be diftinguifhed from that which had not 
been thus alloyed. * 

It wasalfo hammered and rolled, without (hewing any figns 
of brittlenefs. The fpecific gravity was 8,354*. 

The like quantity of copper was alloyed with four grains of 
lead. 

This alfo was ductile, and did not fuller any apparent 
Change of colour. 

The fpecilic gravity was 8,472. 

The fame experiment was repeated with four grains of bif- 
muth; but the copper thus alloyed was exceedingly fpongy 
and brittle. 

It appears, therefore, that four grains of antimony, or of 
lead, may be prefent in one ounce, or 480 grains of copper, 
without producing any very apparent change in colour or 
ductility, and but little in fpecific gravity ; fuch copper may, 
therefore, without fufpicion, be occafiorially employed to alloy 
gold ; then, however, the antimony or lead will produce a 
powerful etfed ; for it has been proved, that tvwg of either of 
thefe will deftroy the dudility of gold. But, fuppofing one 
ounce troy of copper which contains four grains of antimony, 
or of lead, to be employed to alloy eleven ounces of gold, 
24 carats fine, there would then be Jour grains of the above- 
mentioned metals in the 12 ounces or troy pound ; and there- 
fore the quantity of thefe would be conliderably more than is 
required to deftroy the dudility of gold. For the troy pound 
contains 5760 grains; and 4 is to 5760 as 1 to 1440; con- 
fequently, this proportion much exceeds the quantity which is 
capable of producing the above-mentioned etTed. 

If often contains jj a t th e copper of commerce often contains a much greater 
rjTproportioflu proportion of one or other of thefe metals ; and, although it 
then appears more pale than common, yet it has, without 
fiifpicion, been purchafed by thofe who, from their profeftion, 
are fuppofed to be competent judges, and who efpecially 

* The fineft Swedifh copper was employed in thefe experiments ) 
the fpecific gravity of it was 8,8 $5, 

2 .require 
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require copper to be as pure as poffible. Perfons of this de* 
fcription, however, are liable to be deceived; for, in 1791* 

Mr. Roitier, Diredtor of the Mint at Paris, purchased a quan* 
tity of copper from the mines of Pouliaoen in Britany ; but he 
foon difcovered, from the eftedts which it produced, whenem* 
ployed as an alloy, that it was not pure, and therefore requeft* 
ed Mr. Sage to examine it. By the latter, it was analyfed, 
and was found to contain one forty-eighth of antimony *. 

Allowing, therefore, that other metallic fubftances may at Antimony St 
times be prefent in copper, and may contribute to affect gold 
which is alloyed with it, yet, for the reafons above related, dition. 
the author is inclined to attribute, molt frequently, this effed 
to antimony or lead. 

Copper which is pure, is uniform in its effedts, and does not 
injure the dudtility of gold; it would therefore be proper in all 
cafes when copper is to be purchafed for the purpofe of alloy* 
ing gold, to make a previous trial of it on a fmall quantity, as 
this would anfvver every purpofe of a tedious and expenfive 
analyfis. 

Since the above was written, he made various experi- Farther exami- 
ments in the humid way, on the different kinds of copper, market** 
which are known in commerce, efpecially on the following : 

No. 1. Fined granulated Swedifh copper fp. grav. 8,895, 

2. Swedifh dollar copper - fp. grav. 8,799. 

3. fheet Britifh copper - - fp. grav. 8,785, 

4. Fine granulated Britifh copper - fp. grav. 8,607, 

480 grains of the firft, only afforded a few particles of ful- 

phate of lead, which could not be eftimated. 

The fecond contained both lead and antimony, of which the 
lead was in the larged proportion, as it amounted to nearly one 
grain of metallic lead, whild the antimony did not exceed half 
a grain. 

The flieet Britifh copper yielded fome lead, with fcarcely 
any antimony ; and, on the contrary, the granulated Britifh 
copper contained antimony with but very little lead. We may 
therefore conclude, that the varieties of copper known in com- 
merce, are feldom, if ever, abfolutely free from lead or anti- 
mony ; and that the brittle quality, fo frequently communicated 
to gold by an alloy of copper, arifes from the prefence of ow 

* Journal di Pbjfiqut, 17?2, Toms XL. p. 273. 

or 
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cirboth of thefe metals, which, even in the proportion of rfa 
part of the mafs, was already proved to be capable of de- 
stroying the ductility of gold. 

Mr. H. lately made fome farther inquiries concerning the va r 
pieties of Swedifli copper, and was informed, that the fine gra- 
nulated copper is made in this country from the Swedilh cake-: 
copper, merely by the ordinary procefs of ganulation; and, as 
the quality even of this copper has been found variable, the 
.Deputy Mailer of the Mint has of late employed Britifli cop- 
per, which has been refined exprefsly for the purpole, and feems 
to anfwer perfectly well. Refpedting the variable and occa- 
sional very bad quality of the copper dollars, Mr. Swedenltierna, 
a learned Swedilh gentleman at prefent in London, has fa- 
voured him with fome particulars, in a letter, of which the fol- 
lowing is an extract *. 

“ But with regard to dollar*, 1 fliould be much furprifed if 
they had ever been perfectly pure ; becaufe, as far as 1 know, 
they have alwa)s been made of the copper of Fahlun, of 
which the ores have always been more or left mixed with fill- 
phu rated lead, and perhaps antimony. However, as thefe 
dollars were originally (truck under the Reign of Frederic king 
of Sweden, and it is potfible that the ores at Fahlun might have 
been then purer, it is probable that thefe dollars may have been 
purer at firlt than thole which have fince been counterfeited; 
for thefe dollars having been called for in India, and ordered 
more particularly in confiderable quantity, by the Aliatic Com- 
pany of Copenhagen, others have been (truck lince repeated- 
ly, and of all kinds of copper ‘without diftinftion. Thisfadt, 
at lead, explains the caufe of their inequality of composition. ^ 
" It remains to be (hewn whether any of thefe dollars are 
perfectly pure. For my part, I am molt inclined to think, that 
the demand in India has arifen from the convenience of form, 
and that prejudice has given them credit and circulation as 
ltyoney. For feveral years of late, the; Danes, having found 
this copper too dear, have them! elves counterfeited the mark, 
and druck them at Rocraas in Norway; and this muft afford 
another variety of this copper.” 

• The Extraft is in French, of which I giye the tranflation. W \ N . 


GOLD 
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GOLD ALLOYED WITH SILVER,* 

Gold alloyed with pure filver, in ftandard proportion, is foGoldan4 filver. 
generally known, that it would be needlefs here to fay more, 
than that it approaches the neared to thedu&ility of fine gold, 
and that ihe fpecific gravity of this mixture differs but very* 
little ; from that which, according to calculation, would refult 
from the relative proportions of the two metals. 

From the foregoing experiments it is evident, that many of General remark* 
the metallic fubdances with which gold may be alloyed, are ' onaWo ^ sof * old * 
more or lefs liable to be feparated from it during fufion, in 
confequence of their relative affinities with caloric, with oxygen, 
or with both ; and that thefe affinities become modified, by thofe 
wlncn prevail between the various metallic fubdances and gold. 

Mci cover, it is evident, that even the mod oxidable metals 
have this property much diminittied or checked by being united 
with gold, which appears fo to envelope and retain their parti- 
cles, as to impede the ufual influence of heat, as well as the 
natural exerLion of their affinities with the oxigen of the at- 
ninlp iere. The following experiment was therefore made, to 
afcei tain the comparative lofs caufed by the volatilization, or 
by thcoxidizement of various metallic fubdances, when added 
to gold during a given period of fufion, and under fimilar cir- 
ca m dances. 

Experiment, 

Ten four-inch crucibles, which had been prcvioufly made Experiment on 
red-hot, were put into as many twelve-inch crucibles, which jjjg |he 
were placed in wind furnaces of fimilar conftrudion, and heat- ent alloys, 
ed as equally as pofiible. Each of the fmall crucibles contain- 
ed five ounces ten pennyweights and fourteen grains of gold, 

23 car. 3i grs. fine, which being completely melted, nine pen- 
nyweights and ten grains of the feveral metals were added, 
and mixed in the ufual manner, after which, the fufion was 
continued in the open veflels during one hour 

The different mattes, when cold, were weighed ; but, pre- 
vious to this, the fcoria or glafs which had been formed on 
fome of them was gently removed. 

It appears, that fine gold, gold alloyed with filver, gold al-Refults of lofs 
loyed with copper, and gold alloyed with tin, did not fuffer b * ftron 8 beat * 
any lofs during the experiment. 


More- 
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Moreover, that gold alloyed with lead only loft three grains* 
chiefly by vitrification. 

That gold alloyed with iron loft 12 grains, which formed 
fcoria. 

That gold alloyed with bifmuth alfo loft 12 grains chiefly by 
vitrification. 

That gold alloyed with antimony loft the fame quantity, 
partly by volatilization, and partly by vitrification. 

That gold alloyed with zinc loft one pennyweight, by vola* 
tilization. And, 

That gold alloyed with arfenic, not only loft the whole 
quantity of alloy, but alfo two grains of the gold, which were 
carried off in confequence of the rapid volatilization of the 
arfenic. 

Lewis, (Phil. Comm, of Arts, p. 88,) however, atfertsthafe 
44 gold is more volatilized by antimony than by arfenic or zinc; 
44 but to produce this effect the fire muft be vehement, the 
“ crucible (hallow, and the air flrongly impelled.” Thefecir- 
cumftances, according to their variations, muft undoubtedly 
very much influence the refults of fuch experiments; and 
therefore, although the reverfe was found to take place in the 
experiments here ftated, it does not follow that certain changes 
fliould not be produced by different degrees of heat, by the 
figure of the veffels, and by a current of air more or lefs ftrong. 

The whole of the experiments of this fe£tion tend to prove, 
that (agreeably io general practice and opinion) only two of 
the metals are proper for the alloy of gold coin, namely, filver 
and copper; as all the others either confiderably alter the co- 
lour, or diminifh the ductility of gold. In refpect to the latter 
quality, the different metallic fubftances which have been em- 
ployed in the prefent experiments, appear to affect gold nearly 
in the following clecreafing order. 

1. Bifmuth. 2. Lead. 3. Antimony. (Thefe are nearly 
equal in effed.) 4. Arfenic. 5 . Zinc. (?. Cobalt. 7. Man- 
ganefe, 8. Nickel. 9. Tin. 10. Iron. 11. Platina*. 
12. Copper. IS. Silver. 

* Had the platina been quite pure, the compound metal would 
probably have poflcfTed more duality; I cannot therefore take upon 
me to aflert pofitively, that the place here affigned to platina, ispre- 
cifely that which, it ought to occupy. 


SECTION 
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SECTION III.* 

ON THE COMPARATIVE WEAR OF GOLD, WHEN ALLOYED 
BY VARIOUS METALS* 

Gold, when in the form of coin, appears to be generally ex- Nature of the 
pofed to three varieties of trillion, viz. whkhcdn if 

1 ft* Trillion between pieces of gold coin of a fimilar or of expofcd 
a different quality. 

2d. FriHion of gold coin againft coin of other metals, fuch 
as filver and copper. 

3d. The trillion which gold coins of various qualities fuffer, 
when expofed to the allion of certain fubftances, fuch as the 
particles or filings of metals, gritty powders, &c. 

The confideration of thefe different modes of wear, points 
out the beft method to be purfued in an experimental invefti* 
gat ion. 

The whole of the experiments which compofe this feltion 
may therefore be divided into three fubordinate feries; the two 
firft of which have been directed to the contideration of that 
part of the diminution of the coin which arifes from the rub- 
bing of one piece of metal againft another ; while. 

The third of thefe fubordinate feries was intended to fliow 
the comparative power of gold, differently alloyed, to refift 
abrafion from fand or other gritty powders. 

In the firft fet of experiments, 28 pieces of coin were fixed Defcription of 
to a frame, and over each of them was placed another piece 0 ^of n e ^J r nft ent, ^ 
coin, which was prefTed againft it by a weight. Thefe upper coin, fingly- 
pieces were all attached to a fecond frame, fo that, by means 
of the motion communicated thereto by cranks, each upper 
piece was made to move about -J of an inch backwards and for- 
wards on the lower one. This mode of experiment afforded 
an opportunity of trying the comparative diminution of gold 
differently alloyed, both when rubbed againft pieces of the fame 
and of a different alloy ; and alfo of examining the difference 
of wear between pieces with plain and with damped faces. 

* The falls detailed in this important memoir having extended 
- tny abridgement beyond my fixft eftimate, I find myfelf under the 
neceffity either of tranfpofing the 2d and 3d feltions on the Specific 
Gravity and the comparative Wear of Gold f or elfc of feparating 
Plate XIV. from its defcription* 

In 
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many pieces in a * n the fecond feries, 200 pieces of gold, differently alloyed, 
were inclofed in a wooden box, of a cubic figure, which was 
kept conftantly turning round, till, by the repeated rubbing 
and linking of the pieces againft each other, and againft the 
lides of the box, they were found to be fenfibly diminifhed. 
This, like the experiments of the tirft fet, was intended to 
Ihow the comparative diminution of gold differently alloy cd ; 
but, whereas that (hewed the effed of rubbing only, this 
(hewed the joint effed of rubbing and ftriking, and wu, in- 
tended to imitate (although in a more violent degree) the ef- 
fect produced upon coin by pouring it out of one bag or 
drawer into another. 

Coin rubbed on a The experiments of the third fet were made by preffing the 
Jbt furface. piejees to be examined againft the rim of a flat horizontal wheel, 
by means of equal weights, fo that, by turning the wheel round, 
they all fuft’ered an equal degree of fridion. That part of the 
wheel againft which the pieces rubbed, was fprinkled or coated 
with fome kind of pow r dcr, which was occafionally varied.. 

The above ftatement will convey a general idea of the man- 
ner of making the experiments ; but, that the whole may be 
more fully comprehended, the following defeription of the in- 
ftruments has been added by Mr. Cavcndilh.* 

DESCRIPTION OF THE INSTRUMENTS. 

Pefcription of I n the firft feries of experiments, 28 pieces of coin were 
machinery for fixed to a frame, and over each of them was placed another 
tZStZBt piece, which was preffed againft it by a weight; and thofe 
tion on coin. upper pieces were all conneded to a fecond frame, fo that, in 
confequence of the motion communicated thereto by cranks, 
each upper piece was rubbed backwards and forwaids upon 
that which was under it. 

Fig. 1, (Plate XIV.) reprefents a plan of this inftrument; 
and Fig. 2 is a vertical fection of it, drawn parallel to the 
line AB. 

The upper frame, or that to which the upper pieces of coin 
are conneded, is of brafs, and con lifts of four bars. Fig. I, 
AB, Bb , ba , and aA, with three crofs bars Cc, GV, C c. 

* The inftruments were made by Mr. Cuthbertfon, of Poland- 
ftreet, who alfo had the care of them during the experiments which 
were made at his houfe. 


The 
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The lower frame confifts of a board, placed immediately Dfcfcription of *! 
under the upper frame, and is exprefled in Fig. 2, by the letters ^cermimng^Le 
LL. effedb of fric* * 

The upper frame is fupported by two vertical boards, ex- tl0n 00 * 

tending the whole length of the (ides B b and Aa, fo that the 
ends of them are feen in Fig. 2, and are denoted by the letters 
DD, DD. Thefe boards are fattened to the upper frame, and 
to the table upon which the apparatus (lands, by hinges, fo 
(hat the upper frame can move freely in the direction BA, but 
can have no motion in the direction perpendicular thereto. 

Thefe vertical boards are omitted in Fig. 1 ; for, as the inten- 
tion of this defcription is not to give a detail of all the parts of 
the inftruments, but only to explain their manner of a6iing, I 
have taken the liberty to omit fuch parts as tended to produce 
an intricacy in the figures, without being necelfary to this 
object. 

The difpofition of the pieces of coin on the frames, is re- 
prefented in Fig. 1 . Nnn denote one of the connecting pieces, 
by which the upper pieces of coin are connected to the upper 
frame, and in which the fmall circle reprefents Hie pofifinn of 
the coin ; the large circle is the part which fupports the weight, 
and nil the part by which it is connected to the upper frame. 

To avoid confufion, neither thefe connecting pieces nor the 
pieces of coin are reprefented in Fig. 2; but, inftead thereof, 
a fcftion of one of thefe pieces is given in Fig. 3, upon a larger 
feale. 


In this figure, LI, is the lower frame, and C one of the bars 
of the upper frame ; y is one ot‘ the lower pieces of coin, which 
is bedded and fixed firmly in a braf* locket x , fattened to the 
lower frame ; u is the piece of coin to be rubbed againft it, 
which, in like manner, is fixed in another brafs focket zv ; N» 
is the connecting piece, by which this focket is conne<Sted t 
the bar C of the upper frame. This piece turns on pivots, in 
two (tuds n, fixed to the bar C, fo that it can turn freely on 
thofe pivots in a vertical direction, but cannot be perceptibly 
thaken horizontally, 

Z is the weight by which this connefting piece is prefled 
down ; it is round, and is placed with its centre exactly over 
that of the focket w. 

It mud be obferved that, in the conflruftion of this machine, 
three things principally demanded attention. 


1/1. That 
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lft. Thai the pieces of coin (liould all move equally. 

2dJy. That they fhould all be prefled againft the lower 
pieces by the fame weight. And, 

3d!y. That they (hould bear flat againft them. 

As to the firft requifite, it is evident that the pieces muft all 
move alike, excepting fo far as proceeded from the fpringing 
of the parts of the machine, or from the (hake in its joints, 
both of which were very fmall. 

Secondly, as the connecting pieces move freely in a vertical 
direction, it is clear that the force with which the upper piece 
of coin is prefled againft the lower one, depends only on its 
own weight, on that of the focket w, on that of the connecting 
piece Nn, and on the weight Z by which it is loaded ; fo that 
the fecond requifite is thus eafily obtained. 

Thirdly, The connecting piece N« bears againft the focket w 
only by the pin p, which enters into a hole in the centre of the 
focket, fo that the two pieces muft ttfeceffarily bear flat againft 
each other; but, as this pin alone would not have prevented 
the focket from turning round on its centre, two other pins 
II n were fixed into the connecting piece, and entered into 
flits made in the focket near its circumference, allowing no 
more (hake than was neceflary to prevent it from (licking; and 
thus the motion round the centre was effectually prevented. 

It may be obferved, that the pieces might have been made 
to bear flat againft each other by fixing the Pockets w in gim- 
bals; but, as the method above defcribed was effectual, and 
much eafier made, it was preferred. 

It may be alfo remaikcd, that the breadth of the bars Cc, as 
leprefented in Fig. 1, is not fufficient to prevent them from 
fpringing confiderably ; for this reafon, a method of ftrength* 
ening them was employed, which anfwered the purpofe per- 
fectly well, but is omitted in the drawing, as it could not be 
pafity reprpfented. 

. ]t was at firft intended, that the lower frame (hould have re* 
mained fixed, and that only the upper one fhould have moved ; 
but, in a previous trial, in which two pieces of metal were 
rubbed backwards and forwards upon each other in the fame 
)ine a with a view to difeover what weight would be neceflary 
to make the pieces wear tolerably faft, it was found that fora 
time they dlminiflied (lowly, but that little furrows or gullies 
^ere foon worn in them, and that then the diminution was 

rapid 
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rapid. It was alfo obferved, that the gullies in the upptf Description of 
pieces corresponded to thofe in the lower ones ; fo that it was 
impoffible that the pieces of metal fhould touch each other in effete of frk* 
thofe places where the diminution was mod rapid, and Confe- tion w *°hi* 
quently the gullies muft have been formed by the particles of 
metal which had been abraded, and which fubfequently had 
become accumulated. 

It Teemed to Mr. C. that the moft probable way to prevent 
the little furrows or gullies from being thus formed, would be, 
to conftruCl the inftrument in fuch a manner, that the direction 
in which the pieces rubbed upon each other flioukl continually 
vary. The billowing contrivance was therefore adopted, by 
which the pieces were prevented from rubbing together twice 
in the fame direction. 

In this method, the lower frame, as well as the upper, is 
fupported on two moveable vertical boards ; but, whereas the 
boards fupporting the upper frame are placed parallel to Bfr, 
in confequence of which the frame can move only in the di- 
rection BA, thefe are placed parallel to BA, 1b that the frame 
can move only in the direction B b. 

EE is the axis by which the upper frame is moved : this 
turns in fixed fockets at SS, and is turned at each end into the 
form of an eccentric circle, which afts as a crank ; fo that, by 
means of the levers EK, which at one end turn on thefe ec- 
centric circles, and at the other end turn on joints fixed to the 
upper frame, this frame is made to move £ of an inch, in the 
direction BA, during one half of the revolution of the axis, 
and as much in the contrary direction, during the other half 
revolution. 

ee is an axis of the fame kind, ferving to move the lower 
frame. HH is a windlafs, which turns thefe two axes by 
means of the toothed wheels F ,/, which work in the toothed 
wheels G, g, fattened to the axes EE and ee. TTTTT is the 
table upon which the apparatus Hands. 

The wheel F has 90 teeth, /has 75, and G, g, have each 
20; fo that the axis EE makes fix revolutions while ee makes 
five ; and, at a medium, thefe axes make about four revolu- 
tions to one of the windlafs. A counter is placed fo as to Ihovv 
the number of revolutions of the windlafs. 

If the two frames had performed their vibrations in the fame 
time, no advantage would have been gained, for the pieces of 

com 
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coin would ftill have moved upon each other always in tha 
fame line ; but, as their vibrations are performed in different 
times, Mr. C. (hews, that the effect muft be quitfe different. 

This contrivance, therefore, effedually prevented the pieces 
fiom moving upon each other always in the fame line ; and it 
feems alfo to have much diminifhed the difpofition which they 
had to wear in gullies, but not intirely ; for, from the following 
experiments it appears, that dill fome few particles would be- 
come occafionally collected, and then a&ed as a grinding 
powder, which accelerated the wear of the pieces. This was 
obferved particularly to happen to the pieces of gold alloyed 
with an equal proportion of copper, and to the pieces of 
copper, which were alfo more frequently worn in furrows or 
gullies, than the other pieces of more ductile metal. 

The motion of the pieces of coin upon each other, is greater 
than it would have been if only one frame had been made to 
move, nearly in the proportion of 3 to 2 ; lo that the whole 
motion of the pieces, in each femi-revolution of the axes EE 
or ee, is about of an inch, and therefore it is aboul three 
inches in eacli revolution of the windlafs. 

The inftrument employed in the fecond feries of experi- 
ments, is Co fun pie as not to require any drawing. It con* 
filled only of a cubical box of oak, which meafured eight 
inches each way, within fide. This box was moved by the 
axis EE of the former infirument, which was palled through 
the middle of two oppofite fkles, and was fixed in that pofi- 
tion. 

Fig. 4, reprefents a plan of the infirument ufed in the third 
feries of experiment"', aaa is a horizontal table, turning upon 
a vertical axis; and BB BW# is a fixed frame furrounding it. 

The pieces of coin arc fafiened to this fixed frame, by the 
fame connecting pieces which were formerly employed, and 
are preffed down alfo by fnnilar weights. The diameter of 
that part of the wheel againft which the centres of the pieces 
of coin are prefled, is 2i) inches ; fo that, while this wheel 
makes one revolution, the pieces are rubbed againft it through 
the whole circumference of this circle, (hat is, through 91 r J g 
inches 

A (hallow groove ggg is cut in this wheel, in that part againft 
which the pieces are prefled, in order to confine the powders 
employed in the experiments ; and the number of revolutions of 
the wheel are marked by a counter. 


By 
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By the help of the inftrumcnts above defcribed, it was pro- Defcrjption of 
pofed to determine, as accurately as poflible, detcrnlining^thi 

1ft. The comparative wear of foft and of hard gold. effects of frie- 

ndly. Whether coins with flat or with raifed furfaces fuffef tioft on QOlR * 
the g reateft lofs by fridtion, when fubjedted to it under firailar 
circumftances*. 

It is fcarcely neceflary to obferve, that rigoroufly exadt re- 
fults could not be expedted in all the minutiae of experiments 
like the prefent; for, many circumftances, apparently but 
trivial, produced almoft unfurmountable obftacles ; but, never- 
thelefs, thefe did not impede the effential objedts from being 
inveftigated, and determined, in a manner futliciently fatisfac- 
tory. 

Before the experiments are deferibed, it will be proper to 
add, that, to obviate the irregular effedts which would be pro- 
duced by the inequality of the impreffions ufually employed for 
coins, Mr. Cavendifli fuggefted a die, which was executed bv 
Mr. Pingo, and which confifted of round prominencies re- 
gularly difpofed over the fur face, fo that the cfledts which this 
impreflion produced, during fridlion, were uniformly the fame 
in every diredtion. 

The firft expel iments were intended to afeertain the different 
wear of gold made ftandard by various metals; and the pieces 
were rubbed againft each other by meaus of the flrft-defcribed 
apparatus, which the author calls No. i. 

Some preparatory experiments were alfo made, to try the 
effedts of this machine, as well as to determine, in fome mea* 
fure, the comparative wear of gold made ftandard by copper, 
of a mixture of gold and copper in equal proportions, and, 
laftly, of copper. 

• Although coins with protuberances on their furfaces, have been 
generally fuppofed to fufFer more by fri&ion than thofe which are 
flat, yet, as this opinion has been queftioned, and as feveial objec- 
tions have been made to it by intelligent perfons, it was thought 
expedient that the decifion of the queition (hould form part of the 
prefent inveftigation. 


(To be continued, .) 
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XIII. 

Objkrvations of the Tranfit of Mercury over the Dijk of the Sun ; 
to which is added , an Invtfigation qf the Caufis which often 
prevent the proper Action of Mirrors . William Her* 

schel, LL . F. R . S. * 

T«nfltofMer-XHE following .obfervations were made with a view to aU 
<liTy * tend particularly to every phenomenon that might occur during 

the paffage of the planet Mercury over the fun’s body. My 
folar apparatus, on account of the numerous obfervations 1 
have lately been in the habit of making, was in great order for 
viewing the fun in the higheft perfection ; and, very. fortu- 
nately, the weather proved to be as favourable as I could pof- 
fibly have wiflied it. 

The time at which the obfervations were made, not being 
an objeCt of my inveftigation, is only to be confidered as de- 
noting the order of their fucceffion. 

Mercury feen November 9, 1802. About 40’. after feven o’clock in the 
morn * n &» I directed a telefcope, with a glafs mirror of feven 
coun/j* Y fee* focal length, and 6,3 inches in diameter, to the fun ; and 
perceived the planet Mercury. It was eafily to be diftin- 
guifhed from the openings in the luminous clouds, generally 
called fpots, of which there were more than forty in number. 
Its perfect roundnefs would have been fufficient to point it out,' 
had I not already known where to look for it. 

. J0 h O'. When the fun was come to a fufficient altitude to 
(how objeCts on its furface with diftinCtnefs, I directed my 
attention to the contour of the merculial dilk, and found its 
termination perfectly (harp. 

• From the Philofophical Tranfa&ions for 1 $ 03 . 


(To be continued O 
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